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NOTE.
TJie Civil Eitgineer>s' Club of the University of Illinois is esseti-
fiallij an underyraclnates' sorieftj. most of the papers heinr/ prejjared
by students. Not the least important of the results to the wetnbers
have been the stimulation of independent thought, a development of the
ability to hunt up one''s own information, and the cultivation of the
power to express ideas clearly, concisely and forcibly.
This publication is made to place in p)ermanent form some of the
pajjers read at the meetings, and also to extend the injlnence of the
society. The intention is to publish a similar volume annually. The
committee regrets that the number of illustrations and length of many
of tJie papers precludes their publication, and also that tJie valuable
discussions of the papers hare not been preserved.
Chcnnpaign. Ill, May 6', ISSU.
RAPID COMPUTATION.
C. L. CRABBS, '90.
Students (tf enp^ineerinp; subjects, whose chosen profession will
require ;i constant use of ti«^ures, often fail to aj)precitite the value of
rapid methods of computation. Even when they have a conception
of the amount of time which can be saved, and of the means to be
emploved to that end, they neither make use of their knowledge in
everyday work nor try to increase their store. It requires ])ractice
begun in early school days to make one skillful in handling the
simple operations of addition, subtraction, multiplication, or division;
and too many are content to stop even before this point is reached.
They are ever striving to master those devices which effect a saving
of time in the " field," and lose sight of the equally important sub-
ject of rapid " office work." As a result no progress is made toward
acquiring a habit of scientific calculation.
This carelessness often manifests itself in the way in which de-
cimals are handled. It is seldom that the inexperienced computer
fails to carry his work to a degree of precision far greater than is
necessary. A rule too commonly followed is to retain the decimal
places until the array becomes appalling, then drop a part simply to
lighten the load. It must be remembered that time is thrown away
when spent in working with numbers that are more precise than the
data, or some previous part of the computations. This is but one of
the more noticeable results of the usual blind method of working.
Many persons have a habit of repeating the separate numbers in ad-
dition, and inserting the words (uid and (or. These may seem to be
small faults, yet they are responsible for the loss of a great deal of
time. Of the same kind may be mentioned the practice of setting
down the numbers to be carried in multiplication, which savors of
the primary school. As a usual thing numbers should not be re-
written in order to get '" units under units," &c. One should accus-
tome himself to adding and subtracting numbers written in a hori-
zontal line, subtracting when the subtrahend is above the minuend,
and multiplying or dividing when the factors are not in the exact
positions assigned them in elementary arithmetic.
There are many times in our work, particularly in the tield,
when computations partake of the nature of estimates. At such
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tiint?.s a knowledt^e of short. uiJproxiiuate methods aiul the ahilitv to
use them becomes valuable and even essential. This can be accjuired
only bv practice. The problems which come before us every day
must be made to serve the secondary jxirpose of teachin<if us to use
tigures economically. N(jthing will yield better returns to the
student of civil engineering than the cultivation of a habit of esti-
mating. Mental calculations should be made whenever possible dur-
ing the jirogress of field work, and the accuracy of such calculations
checked by noticing how closely the results agree with the actual
work. In this way one will acquire the ability to decide what degree
of ajjproximation is allowable in a given case, and how accurate to
make his estimate to fulfil such conditions.
In the remainder of this article the writer will give some of
those short methods which he has found useful. They may serve as
examples of what can be done toward shortening the work of com-
))utation by apjdying a few well known principles. The reader
should not stop when he has mastered these, nor should' he consider
them in the light of accomplishments. The thoughtful student will
continually seek for new processes and will use his knowledge at
every opportunity, thus becoming more and more proficient as a
computer.
Many short methods with figures consist essentially in combin-
ing two or more written into one mental operation, and here again is
the necessit}^ for practice to bring about the best results. The
method of cross multiplication is of this class.
For example: (287(>)"' = 5645376. These are the only figures
that need be written.
The mental work is as follows, the italic figures being
those of the product: 6x6 = 36'; 3 + 2(6x7)=87; 8 + 2
(6x3)+r = 95; 9+2 (6x2) + 2 (7x3) -.- 75: 7 + 2(7x2)
+ 3- = 44; 4+2 (3x2) = 16; 1 + 2^ = 5.
Those products which are of the same denomination are found
and added together mentally, thus: 8 hundreds (carried) + 2 ((*)
units x 3 hundreds) + (7 tens X 7 tens) = thousands and .V hun-
dreds. 3 being the only figure written. Each of the products is of
the denomination hundreds: units x hundreds = hundreds; tens X
tens = hundreds; etc.
The method may also be applied to finding any product, as:
4273
9285
39674805
The mental work required is: 5x3 = 15; 1 + (5x7) + (8x3)
= 60; 6 + (5x2) + (2x3) + (8x7) =78; 7 + (5x4) + (9x3)
+ (8x2) + (2x7) = 84; 8+ (8X4) + (9X7) + (2x2) = 107:
10+ (2X4) + (9X2) = 36'; 3+ (9 + 4) = 39.
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These o|»er;itions may be quickly checked by noticinj^ that the
|»ro(liict contains as many tit^nres as are in both factors, nnU'Ss tlie
product of the left hand ti«i^ures is less than 10. and also by ^oinj^
throuijh the familiar process of casting out the nines. For example,
by the latter:
4273:- 4+2 + 7 + 3 = !«; 1<!h- 9 = 1 + 7 remainder.
9285:- 9 + 2 + 8 + 5 = 24; 24 h- 9 = 2 + tf^raainder.
6X7 = 42; 42-^9 = 4 + C remainder.
39674805:- 3 + 9+6 + 7 + 4 + 8 + + 5 = 42; 42 ^9 = 4+ 6 remainder.
The agreement of the last remainders (6) proves the product to be
correct unless balancing errors have been made, and this is not likely
to be tiie case.
Small numbers may be squared mentally by the following rule:
Add to or subtract from one factor enough to make its units figure
zero. Subtract from or add to the other factor the same amount.
Multiply together these sums and add to the product the square of
the amount by which the original factor was increased or decreased.
(124)^ = (128 X 120) + 4^ = 15376
or with larger numbers:
(723)^ = (74(3 X 700) + (23)^ = 522729.
In this connection it may be stated that every computer should know
the multiplication table as far as 25 at least.
As another example of the preceding:
(78)- = (76 X 80) + 2- = 6084.
Or if the number be fractional:
{(Sir = (C,x 1)^(^/^421.
A very close approximation for the square of numbers w^iich do not
differ much from unity consists in adding to unity twice the decimal.
0.07/ = 1 + (2 X .07; = 1.14.
When multiplying by even fractional parts of 10. 100. 1000, &c.,
the following method should always be used: 4276 X 1250 = k of
427(50000 = 5345000. 1250 is J- of 10000, so we add four ciphers to
the multiplicand and divide by eight.
[nverted Ml'ltiplication. With decimals, in approximate
computations, inverted multiplication is a valuable method. The
proljleui is stated thus: Required a product correct to the nfli deci-
mal place. Write the multiplier irith its figures in inverse order, its
unit's Jig lire under the nth decimal place of the multiplicand. Multi-
ply in the ordinary nay using only that j)H)'t of tJie multiplicand tliat
is above and to the left of the Jigure used as a multiplier. Out addiu(/
in the amount to be carried from that part of the multiplicand which
is discarded. The right hand figures of the j^o'ttal products should
be uritten under each other.
6 CIVIL engineers' club of the university of ILLINOIS.
For example, find 347.842653x24.9872 to the Zrd decimal place.
Inverted Multiplication. Common Multiplication.
3 4 7.8 4 2 6 5 3 3 4 7.842653
2 7 3 9.4 2 2 4.9372
6 9 .5 6 8 5 3 6 9 .') 6 8 5 3
1391371 2434898571
313058^ 1043 5 279 5 9
10435 3130 5 83877
2435 1391370612
69 695685306
867 4.2 21 867 4.2 218063916
The right hand figure of this product ,is thousandths, and the
product of any figure of the multiplier as written, with that above
it is always thousandths. With those figures to the left the denomi-
nation increases. Thus: hundredths X ten-thousandths = thous-
andths: hundreds X thousandths = hundredths; etc.
Let us compute R sin «, when B — 472.3 and sin « = .5307 to
tenths.
Inverted Multiplication. Common Multiplication.
472.3 472.3
7635 .5 367
2361 330 6 1
142 283 3 8
2 8 14 16 9
3 2 3 6 15
2 5 3.4 2 5 3.4 8 3 4 1
This is very much shorter than the old way and is always correct
within one unit of the last place, if the discarded products are given
their full value.
Short Long-Division. Time may be saved in long division by
subtracting mentally j'ld writing remainders instead of products.
^875 ) 246972375 (50_66J
3 2 2
2 97 3
4 8 7
00
To illustrate: 5 X 5 = 25 + ,:? = 27; 2 + (5 X 7) -37 + 2 =
39; 3 + (5 X 8' = 43 4- 3 =46. the italic figures being those of the
first remainder [322] and the black faced figures those of the divi-
dend. It is very easy to become accustomed to this method.
C0NTRA.C7 ED DIVISION. If the dividend or divisor contains dec-
imals and only an approximation to the nth decimal place is wanted,
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the following rule L«« given. Ascertain by ins])ection how many
figures will he required in the quotient. Fiiul half of these in the
usual way, and do not hring down a tigure for the last remainder.
Drop the last tigure from the divisor and find another remainder
without bringing down a figure. Continue to discard from the di-
visor after each multiplication until the reciuired quotient is obtain-
ed. For example find 24<).Sy4 - 17.24 to hundredths. There will
be four figures in the quotient, so we will find two in the ordinary
way. This method may be combined with the preceding one.
CONTBACTED DIVISION.
17.2 4
)
55 3
5 1 7
36
3 4
4 ( 14.3 2
Contracted Squabe Root.
14 2.473 9) 1 1.93 8
1
2 1)42
2 1
11?)2 1 4 7
206 1
8 6
69
1 7
1 7
"When extracting square or cube roots, a process similar to the
approximate method of division may be employed. For example, it
is required to find the square root of 142.4739 correct to the third
decimal place. We see by inspection that the root will contain five
figures. We will find three in the usual way, then use our last trial
divisor and remainder as divisor and dividend respectively.
After finding three figures of the root our last remainder without
bringing down a figure is 86. We proceed as in division, discarding
the 9. and using 22 as our divisor. Always carry the product of the
discarded figure. This method is especially useful in extracting cube
root as it saves a great deal of work in finding long trial divisors.
When the divisor is nearly unity the following is very convenient:
7 X a-.004265; = 7 X .995785 = 6.970145,
1.004265
correct within one unit of the fourth place.
;gg|-^-=3 X (l-h(l-.mm) = 3 X 1.00058 = 3.00174.
correct to the last place.
This becomes more nearly correct as the divisor and dividend ap-
proach unity.
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To reverse one of the methods given for multiplicKtion.
—
42875 - 125 = 8 X 42.875 =34318
since
125 1000
The computer should have a ready knowledge concerning aj)-
proximate values and formulae. It requires but little application to
memorize the more important of these, and they are worth many
times their cost. A few are given merely as examples.
1 bu. = 1^ cu. ft. — an approximate error of 5 of 1 per cent.
1 cu. ft. = 7.5 gal. —
•• ••
" •• i of 1 per cent.
1 metre = 40 in. — " " '" " 1| per cent.
1 metre = 8.3 ft. — " " '" " I of 1 per cent.
I m. m. = .5 in. —
" "
'"
" 1| per cent.
- = 3'; —
''
'.' •'
" 25 of 1 per cent.
To multiply by -, multiply by 3 and by y and subtract from the sum
— of the last product; the error of the result will be ^7;;: per cent.
100 t'
' 200 ^
Two very useful formulae which the writer has never seen in print are
h -- b + — . and b — h - —
-,
2 6 2A
in which li may represent the hypothenuse, b the base and a the al-
titude of a right angled triangle. The first may be used in finding the
square root of the sum of the squares of any two numbers, and the
second in finding the square root of the difference of the squares; but
they lose in accuracy as the value of a approaches that of fe. The
first is simply a part of the expansion of the expression, Ji = (b + n/-
and the second is obtained similarly.
Finally, "we should recognize the importance of always checking
the results of computations. This is more essential when rapid
methods are used, particularly until one becomes perfectly familiar
with them. Very often it is unnecessary to retrace every step of the
work. Important errors can usually be detected at a glance. A
person who is at all skillful with figures seldom makes a mistake iu
the minor operations of addition, subtraction, etc. The practice of
using aliquot parts in checking is to be commended. Thus, if the
left hand figures of the product of 1823 X 239 agree pretty closely
with I of 1800, the work may be passed. Other ways will suggest
themselves. As has been said before, practice is the secret of success
iu rapid calculation. Mental gymnastics with figures should be
continually indulged in. It is well to impress ourselves with the
fact that arithmetic is one of the most important studies of the en-
gineer.
SEWAGE DISPOSAL
JOHN B. TSCHARNER, '90.
The subject of the utilization and dis|)osal of sewage has long oc-
cupied the attention of engineers, scientists, and legislators ; and is con-
stantly increasing in importance in every community with the increase of
population. It has already become a question of great importance in
this country, even in our own state, and has for many years been one of
the most pressing questions connected with the public health of Europe.
It is intimatel associated with the pollution and purification of rivers,
with the pollution of the soil and atmosphere, with the purity of water-
supply, with the maintainance and development of fish supplies, and with
many kindred subjects.
There is no question but that with the rapid increase of our popula-
tion, there must be a law providing for the disposal of the sewage of
our cities and towns ; for if the raw sewage is allowed to flow, without
any attempt at purification, into the lakes and rivers from which many
towns derive their water supply, it is easy to see what the consequences
may be. The cities of Boston, Buffalo, Philadelphia, Toronto, Provi-
dence, Milwaukee, Chicago, and many others of less importance have
experienced the polluting powers of sewage, and are now endeavoring
to find deliverance from this evil or have already paid dearly for it.
It is quite evident that if we would discharge our sewage into the
lakes and rivers, it must first be treated in some manner so as to destroy
those matters which would pollute the water, and cause sickness and even
death to those who are unfortunate enough to be obliged to make use of
it for drinking or cooking purposes.
It is not the intention of the writer of this paper to propound a new
manner of disposing of sewage, but simply to give a resume of the
methods now used for this purpose, and their relative merits as regards
efficiency and cost of operation
The methods of sewage disposal in use at present may be divided
into three classes.
I. Discharge into streams.
II. Irrigation.
III. Precipitation.
I. Discharge into Streams.
The efficiency of this method depends, of course, on the ratio of the
sewage to the water used to dilute it. Numerous experiments have
been made and elaborate theories deduced, but as yet no reliable con-
clusions have been reached, and but very little reliable data concerning
this question are accessible.
%
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If sewage be emptied into a stream of water, which has a velocity
of two miles an hour most of the solid particles in suspension will remain
so until they reach a place of comparative rest when they will gradually
settle to the bottom,—the heavier particles settling first. If the particles
settle over a large area in a thin layer, they will soon be oxidized and no
bad effects will be noticed; but should they settle in masses the lower
layers, which do not come in contact with the air, will begin to decom-
pose and give off offensive gases.
Sewage water mixes readily with clear water, and the impurities
in solution are therefore diluted. There are good reasons to believe that
the impurities do not decrease directly with the increase of dilution, but
with some power of the same. If the dilution is great enough no decom-
position is noticed and the organic matter is oxidized by the oxygen in
the water with which it is diluted. Therefore if we would discharge
crude sewage into any stream, without creating a nuisance two con-
ditions must be fulfilled ; first, there must be water enough to sufficiently
dilute it, and second, the current must be sufficient to carry away and
widely disperse all particles of suspended matter.
Even if crude sewage can be discharged into a stream without
creating a nuisance, it does not follow that the water is fit to be used for
domestic purposes. Only very little is known about the definite thing or
things which exist in sewage to cause disease, or by what degree of
dilution or exposure they may be destroyed ; but after making all reason-
able allowances it has been clearly proven that water which is to be used
for drinking purposes should never have been contaminated by human
excrement. Col. Adams says :* " No sewage should be permitted to
reach drinking water. Grounds for doubt of its purity are sufficient
reasons for its rejection if a better supply be attainable; and since it is
impossible by any known means to restore water once contaminated to
conditions of reliable and secure wholesomeness, the choice therefore
lies between the absolute exclusion of sewage and the adoption of an-
other source "
Rudolph Hering says: f "Rivers not to be used as a source of
water supply, but to be inoffensive to people living along its banks, and
to sustain fish life should have a dilution of from 150 to 200 cubic feet
of water per minute per 1000 persons." This reduced to a proportion
of dilution would be approximately i part of sewage to 14 parts of
water. This agrees quite well with the conclusion reached by Drs. Miller,
Odiing and Letheby, who say that if sewage be diluted to about 20
times its own volume it will be destroyed by the time it has traveled lO
miles, that is, it v/ill not be injurious to fish life and not be
offensive to people living along the banks of the stream. The Blackstone
river with a dilution of about 140 cubic feet of water per minute per
loco persons—or, i part of sewage to about 10 parts of water—is unob-
jectionable, no odor being noticed at any time during the year.
l here is no question but that the method of turning the sewage
water into the streams of the country will always have to be used, but in
* Report of the Philadelphia Water Department, 1884.
t Engineering News of August 4th, 1888.
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the near future this will ba done only after it has been treated to destroy
and remove the greater part of the impurities.
II. Irrigation.
Samuel M. Gray, of Providence, R. I., defines the theory of the
purifying action of the soil as follows :* " When an impure liquid, such
as sewage, flows upon a permeable soil, the larger insoluble particles are
arrested by the surface as a filter. Such particles as are sufficiently
minute to pass into the earth are caught before they have proceeded far
downwards. This is the first action,—that of a mechanical filter. The water
freed from insoluble matters, descends still lower, and is absorbed by the
soil, each particle of earth being surrounded by a thin film of the liquid.
Thus subdivided, the water presents an enormous surface to the action
of the air contained within the soil ; by this action not only are all of
the organic impurities reduced to carbonic acid, water, and nitrogen, as
in active combustion, but the organic nitrogen itself, which is much
more difficult to oxidize than either carbon or hydrogen, is changed into
organic compounds The insoluble matters retained at the surface are
also affected by slow combustion, especially when they have been incor-
porated into the soil, they are reduc d to an extremely fine dust, and
mingle with the mineral elements of the earth."
If we accept the above theory as correct, it follows that soils con-
taining loams are most suitable for the purification of sewage. But it
has been found that the poorest soils, even sands effect after a short use
quite as perfect a purification, the sewage itself supplying the organisms
which produce nitrification. It would also follow that plants would as-
sist the soil in its work, since they consume carbonic acid and absorb
moisture.
To have good purification by means of irrigation requires time.
The passage of the sewage through the soil is necessarily slow; and if the
time is less than the time required to purify it,—as it would be if the pro-
cess was forced, / e., if the sewage were allowed to flow over the ground
too fast,—the sewage would pass away in an imperfectly purified condition.
Irrigation may very properly be subdivided into :
{a) Broad Irrigation.
• {b) Intermittent Downward Filtration.
BuoAD Irrigation contemplates the spreading of the sewage over
the ground in a broad sheet constantly flowing over the surface during
each watering. The carriers of this system are nearly level and follow
approximately the contours of the ground. In order partly to offset the
cost of treatment by this system, the soil which is used is sometimes
farmed ; but the results have been far from satisfactory, both as to ef-
ficiency of purification and the financial success of the farm. An
amount of water which is not too great for the land to purify eff^ectually
will interfere more or less with the growth of the crops. No doubt,
when the sewage is applied to land under cultivation, that part of the
* Report of the City Engineer of Providence, R I., 1884.
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impurities taken up by the vegetation is more effectually disposed of than
could be done in any other way; but the land in itself must be capable
of purifying the sewage in the winter, when it can not be aided by the
vegetation, and hence must be independent of it
Sewage farms as a rule are not profitable. It has been stated that
the sewage farm of Pullman, Illinois, has made a small profit, not taking
into account the cost of pumping or the interest on the cost of the land,
but even this is questioned. A short description of this farm might not
be out of place here The sewage is conveyed to the farm by a 20 inch
main about 3 miles in length. The farm end of the main connects with
a closed screen tank into which all materials which will not pass through
a screen of ^-inch mesh are intercepted. From the tank it passes mto
the main distributing drain, which is iS inches in diameter; from this,
four 9-inch pipes are laid, 315 feet apart, across a 60 acre field. Every
320 feet on each side of this line of pipe is set a hydrant, thus giving to
each hydrant about 2^ acres of ground to irrigate. Sixty acres are un-
der-drained as follows : From north to south a main drain of 6- to 12-
inch sewer pipe is laid, which discharges into a drainage ditch emptying
into Take Calumet. To this main drain are connected parallel lines of
common tile of from 2 to 4 inches in diameter, laid to an average depth
of 3^ feet and about 40 feet apart. This tile was laid with strips of tarred
paper around the joints to prevent the entrance of the soil
Sewage containing large proportions of carbo hydrates—that is, of
sugary, starchy, and gummy matters,—and the waste waters from chemi-
cal works, distilleries, breweries, and kindred establishments, is very
injurious to lands, since these substances ferment and causes the soil to
become sour. Therefore, before irrigating with such liquids, the trouble-
some substances should be entirely removed or destroyed.
As to the value of sewage as a fertilizer : Mr. E. M unson in a work
entitled " Sewage no Value," in advocating irrigation makes the following
admission : " Sewage, like water, retards the ripening of fruits and
grains, and develops the leaf. It cannot supercede manure, for it cakes
the ground, seals up its pores, and prevents the air from getting at the
roots of the crops "
Irrigation is deficient, firstly, since it requires too much land to dis-
pose of the sewage (one authority says i acre for every 140
inhabitants): and secondly, because it does not remove all of
the impurities. Dr. Frankland, an eminent authority who is a strong
advocate of sewage disposal by irrigation, admits that of the total com-
bined nitrogen distributed upon the irrigation field in the form of sewage
from J to ^ may escape in the effluent water.
Intermittent Downward Filtration contemplates the applica-
tion of large quantities of sewage to limited areas where purification is the
sole object. In this method the sewage is conducted—either by pump-
ing or gravity—to the highest portion of the land to be irrigated, and
from there is distributed over the field by a series of drains. A second
method is to excavate a number of shallow basin, and allow the sewage
to flow into one until it is filled, when the sewage is run into a second
one while it filters out of the first one.
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This system is objectionable, firstly, because the effluent is not puri-
fied, and secondly because of the odor being given off while the filtration
is taking place. Still, in a small city, where the efHuent is to be dis-
charged into a stream which is not to be used as a source of water sup-
ply, and where a cheap method of disposal is desired, it might be used
with a reasonable degree of success.
III. Precipitation.
Chemical precipitation, as this method of disposal is commonly
called, is used quite a great deal in England, and has many earnest ad-
vocates among its most noted sanitary engineers and physicians In
this country, however, it has barely made its appearance, for the reason,
probably, that it would not be practicable for a large city, and that small
cities and towns will continue to discharge raw sewage into streams until
prohibited by law.
In chemical precipitation, the dissolved body enters into a definite
combination with some chemical substance introduced for this purpose,
an:l forms a compound which is insoluble in the liquid and which sub-
sides to the bottom of the vessel.
In precipitation, a second action sometimes takes place which can-
not be called a chemical action. It is called occlusion—which means to
close up—by which process the particles in solution become entangled in
the meshes of the occluding body, and by the combined weight of the
two are dragged down.
Among the common substances which resist precipitation are oils,
fats, essences, ammoniacal salts, and nitrates and nitrites of the alkali
metals. The ammoniacal salts and alkaline nitrates and nitrites are
never found in polluted waters or sewage to any great extent, certainly
not in quantities large enough to be injurious. They would however be
of great value in increasing the efficiency of the manurial deposit obtain-
ed. They are in themselves harmless, but they favor the multiplication
of microbia and kindred organism.
The following are a few of the qualifications which a good chemical
precipitating agent should have :
1. Cheapness and inexhaustibility. By the latter I mean that the
supply should not be limited.
2. It must not poison the effluent water. This would debar the
salts of tin, lead, antimony and bismuth, the last two of which are in
addition too costly.
3. The effluent water should not be discolored by the precipitating
agent The salts of iron are a good example of this class.
4. It should not be alkaline, since an alkaline solution is favorable
to microbia and bacteria, and since decomposition is more rapid than in
an acid or neutral solution.
5. .Sulphates should not be used, for when brought in contact
with sewage deposits they are reduced to sulphides, and these in turn
undergo decomposition into hydrogen sulphide.
6. Chlorates should be avoided, since they are very injurious to
fish life.
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The salts of barium have been recommended, since they will pre-
cipitate the sulphuric, carbonic, and phosphoric acids; but they have the
objection of being too expensive.
Aluminium, iron, calcium, or magnesium phosphate also may be used.
The reagent is dissolved in sulphuric, or hydrochloric acid, and then
allowed to flow into the sewer. Lastly milk of lime is adcfed, so as to
neutralize the acid and cause the phosphate to be precipitated, occluding,
as it goes down, much of the dissolved and suspended impurities. This
method seems to be deficient, since one of the principal objects sought
for is the removal of the phosphoric acid ; but by this method, there must
necessarily be a great deal of the free acid remaining in the efifluent.
The hydrated aluminium chloride, when applied hot, is considered a
very good reagent, since it has a great affinity for organic matters.
The soluble salts of manganese are also very good precipitants, since
not only do they carry down organic substances—dissolved as well as
suspended,—but they dissolve certain impurities by conveying to them
a constant supply of oxygen from the atmosphere and also from the air
dissolved in the water This action is found more or less marked in the
salts of all metals which have two grades of oxidation. Any salt of a
higher oxide in contact with organic matter is reduced to the lower oxide,
and the oxygen which it gives off oxidizes—or burns—the organic im-
purities—either dissolved or suspended. The lower oxide then takes up
fresh oxygen, is reconverted into a salt of the higher oxide, and the
former process is again repeated.
The disposal of the sludge (the impurities together with the liquid
retained by them forms a black fluid called sludge) is a difficulty inherent
to precipitation work. In its original condition, it contains a large
amount of water, sometimes as much as 90 per cent , and is too fluid to
bear transportation. Sometimes it is allowed to flow out upon the land
until it has evaporated sufficiently to allow of being cut with a spade. To
affect this evaporation by exposure to the air requires a great deal of time,
during which the sludge gives off certain odors, which in warm weather
gives ample cause for complaint. The most successful means of drying
the sludge is affected by means of a filter press, which presses the sludge
into cakes which are easily transported.
The three principal processes of chemical precipitation now in use
in England are (i) the Coventry, (2) the A. B C , and (3) the Lime
process.
1. The Coventry process employs crude sulphate of alumina, proto-
sulphate of iron, and lime as the chief precipitating at;ents. The ma-
nurial value has been estimated by Dr. Voelcker* at i6s 9^d ($4 07) per
ton, and its practical or market value as compared to tarm manure at
from 5s. 6d. ($1.33) to 8s. ^d. ($2 o2\ per ton.
2. The A. B. C. process derives its name from the three most im-
portant ingredients used—alum, blood, and clay. The proportions in
which the ingredients are used vary according to the nature of the sew-
* Local Government Board Report, 1876.
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age to be purified. For ordinary sewage the following has answered
well :*
Alum 600 parts
Blood 1 "
Clay I'JOO "
Magnesia 5 "
Mangaliate of potash 10 "
Burnt clay 25 "
Sodium chloride 10 "
Animal charcoal 15 "
Vegetable charcoal 20 "
Magnesian limestone 2 "
The anirpal charcoal, blood, and clay are dissolved together in suf-
ficient liquid (generally sewage) and allowed to flow into the sewer a
short distance above the precipitation tanks. The alum is dissolved in a
separate vat in sufficient liquid (generally sewage) and flows by another
route, entering tha sewer a few feet below the point of discliarge of the
first channel The sewage and ingredients then flow into the mixing
channel and from there mto the precipitating tanks where the velocity is
almost nil. The efiluent is generally clear, and the works are almost
devoid of objectionable odors. Dr. Voe!cker,f estimated the theoretical
value of the sludge containing 15 per cent, of moisture at i6s. 8^d ($4.05)
per ton, and the value as compared with farm manure at 5s. 6d. ($1.33)
to 8s. 4d ($2 02) per ton.
3. Where cheapness is the first consideration, and a high purity of
the effluent only a secondary matter, the Lime process is very extensively
used. It is one of the oldest methods of purification by chemical pre-
cipitation.
The lime is slaked, ground and mixed with some liquid (usually
sewage) to form a milk of lime, which is allowed to flow into the sewer.
The amount used is ordinarily about 1 ton of lime to 1,000,000 gallons
of sewage. The effluent, as a general rule, is clear, but contains a large
amount of impurities in a favorable condition to be subsequently acted
upon The effluent is also detrimental to fish life.
The amount of sludge produced by this process is very much greater
than that bv tlie Coventry or A. B. C. processes. Its nature, moreover,
is such that it is liable to putrify and give off offensive gases, if it is ex-
posed to the air or heat for any length of time. Its theoretical manurial
value has been estimated by Dr. Wallace]: at from los. 9d. ($3.61) to
2 IS. yd. ($5.23) per ton Another method of disposing of the sludge ob-
tained by the lime process is that used at Burnley, commonly known as
Gen. Scott's process. By this process the sludge, which is composed of
lime and certain organic matters, is drained, dried by heat, and after-
wards burned in kilns. The residue after burning is ground and forms a
veiy good cement similar to Portland cement. It is said to
have a tensile strength of 350 pounds i)er square inch, after being im-
* Report of the City Engineer of Providence, R. I., 1884.
t Local Government Beard Report, 1876.
X Glascow Sewage Report, 1879.
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raersed in water seven days. The cement is sold for 35s. ($8 49) per
ton.
In conclusion, I believe that for cities of medium size and limited
means, situated in a district where land is very valuable and where the
effluent must not contaminate the water of the streams so as to cause
it to be unfit for use for drinking purposes, a treatment of the sewage by
chemical precipitation is the cheapest and most effective.
SPEED OF LOCOMOTIVES.
E. M. BENSON, '90.
In this discussion especial attention will be given to each of three
conditions of actual, possible, and economical speed.
The history of the development oi the locomotive, the finest
specimen of modern mechanism, dates back but little over half a
century. The more important improvements have been, (1) the
change from vertical to horizontal cylinders and boilers, thus lower-
ing the center of gravity; (2) the introduction of the multi-tubular
boiler, thus increasing the steam generating capacity; (3) the dis-
charge of the steam blast into the smoke-stack, thus creating a draft
and stimulating combustion; (4) the increase of weight on the drive
wheels, thus adding to the friction on the rails and enabling the
locomotive to impart a greater tractive force to the train; and ^5) the
equalizing levers, thus distributing the weight uniformly between
the drivers.
The effect of recent improvements has been to greatly increase
the tractive power of locomotives, but no important increments have
been given to the maximum attainable speed. The fastest long dis-
tance train in the United States at present is run on the Pennsylva-
nia Railroad, a distance of about nine hundred miles at an average
speed, including stops, of less than thii ty-six miles an* hour. The
actual speed varies from about thirty to seventy miles an hour. The
average speed of trains in the United States is about twenty per
cent, below that of trains in England, a difference probably due to
the poorer condition of the average track in this country.
Theoretically there appears to be no positive limit to the speed
that might be attained. We are apt to reason thus : '' We know
that a locomotive, under favorable circumstances, can make fifty
miles an hour and draw a train of cars. Suppose we divide the
train in the middle, and double the diameter of the drive wheels,
the tractive force will be divided by two, and the same number of
strokes of the piston will double the velocity of the train. Why
should it not make a hundred miles now as easily as it made fifty
before?" A pretty good reason is : Because it never has been done.
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Many obstacles liaviiit^ but little effect at the ordinary rates of speed
have a very material effect at a hii^h rate of speed. The wind jjres-
sure at a low rate of speed, say ten or twenty miles an hour, varies
nearly as the velocity, but at thirty or fortv miles an hour it varies
about as the scpiare of the velocity. .At hij^her rates it is not so well
known, but is supposed to vary as the cube or a hi^'her jiower of the
velocity. The centrifug.i! force in passiuj; a curve varies as the
square of the velocity. The elevation of the outer rail is a function
of both the elevation of the center of gravity of the train and the
rate of speed. l)oth of which are. in practice, necessarilv varial)le
quantities. Every change in the relative elevation of the two rails
causes a sidewise lurch of the train. While this is not serious on
fairly well kept roads at moderate velocities, it is found to be the
source of extreme danger on the best of roads at very high velocities.
Increasing the diameter of the drive wheels necessarily raises the
center of gravity of the locomotive, and adds materially to the dan-
ger of derailment.
To all aj)pearances any material increase over present attainable
velocit}' must be effected through one of three sources: viz., (1) bv
increasing the steam-generating capacity by widening the gauge or
allowing the tire box to extend outside the wheels; (2) by adopting
a new fuel or different motive power; or (3) by constructing the
locomotive on an entirely new princii)ie. The future develo])ment
of the Boyuton bicycle locomotive will be watched with keen in-
terest by enterprising engineers.
If the average speed of the trains on a given road be doubled,
half the train wages, the interest on half the capital invested in
rolling-stock, and lialf the loss of heat due to radiation will be saved;
and the expenses of repairs will be reduced, as only half the rolling-
stock will be exposed to the damaging effects of time and weather.
The fact that an increase in the rate of transit has a tendency to en-
courage traffic is especially appreciated by competing roads.
Evidently there is a definite speed, varying according to circum-
stances, at which the cost of running a given distance will be a
minimum. /. c. a rate such that the disadvantages of high speed just
balance those due to loss of time. The problem is the determination
of a minimum function, but is to be solved by experience rather than
by differential calculus. The most economic velocity is, like the
maximum velocity, a function of the condition of the road, but is
not affected in the same degree. Although little or no power is lost
by rise and fall in the track, the economic speed is thereby lessened,
as it is governed by the same limits on down grades as on tangents,
and is necessarily decreased on ascending grades.
Present requirements demand an increase in the average speed
rather than in the maximum attainable speed. Statistics show an
actual increase in the average speed in proportion to the increase of
traffic and the improved condition of the roads.
3
A FEW POINTS CONCERXING THE STRAINS IN A
MASONRY ARCH.
Pbof. IRA O. BAKER.
The theory of the masonry arch is one of great complexity.
Numerous volumes have been written on this subject, and it still oc-
cupies the attention of mathematicians; and yet the theory of the
masonry arch has probabl}' made less progress in the past two
thousand years than any other branch of engineering. An exact
analysis of the strains in a masonry arch is impossible, and yet a
careful examination of the fundamental principles involved is useful
as indicating approximate relations and establishing limits. The
object of this paper is to call attention to a few fundamental con-
ditions, which are frequently neglected in application's of the theory
of the arch. The theory is so involved, that it is difficult to treat
one part without a discussion of the whole ; and this is particularly
so, when many, at least, of the readers are beginners in this branch.
Line of Resistance. If the action and reaction between each
pair of adjacent arch stones be replaced by single forces so situated
as to be in every way the equivalent of the distributed pressures,
the line connecting the points of application of these several forces
is the line of resistance of the arch. The theory of the arch is
mainly a discussion of the method of finding the position of the line
of resistance.
Criteria of Safety. There are three criteria by which the
stability of an arch may be judged. (1) To prevent overturning,
it is necessary that the line of resistance shall everywhere lie be-
tween the intrados and extrados. (2) To prevent crushing, the
line of resistance should intersect each joint far enough from the
edge so that the maximum pressure will be less than the crushing
strength of the masonry. (3) To prevent sliding, the angle be-
tween the line of resistance and the normal to any joint should be
less than the angle of repose ("angle of friction") for those sur-
faces; that is to say. at every joint the tangent of the angle between
the line of resistance and the plane of the joint should be less than
the co-efficient of friction.
The External Forces. It is clear that before we can find the
strains in the projiosed arch and determine its dimensions, we must
know the loads to \)e supported by it. This re(juires that we shall
know (1) the point of application. (2) the direction, and (3) the
intensity of the forces acting upon each voussoir or arch stone.
Unfortunately, the accurate determination of the outer forces is. in
general, an impossil)ility.
1. If the ai'ch supports a tinid, the pressure upon the several
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voussoirs is perpendicuhir to the extratlos, uml can easily be found:
and this combined with the weight »>f eath voussoir gives the sev-
eral external forces. This case seldom occurs in practice.
2. If the arch is surmounted by a masonry wall, as is frequently
the case, it is impossible to determine, with any degree of accuracy,
the effect of tl.e spandrel walls upon the stability of the arch. It is
usually assumed that the entire weight of the masonry above the
sotiit ])resses vertically upon the arch; but it is known certainly that
this is not the case, for with even dry masonry part of the wall will
be self supporting. The error in the assumption that the entire
weight of the masonry above the arch presses upon it, is certainly
upon the safe side: but if the data is so rudely ap})roximate, it is use-
less to attempt to compute the strains by mathematical processes.
The inal)ility to determine this pressure constitutes one of the limi-
tations of the theory of the arch.
Usually it is virtually assumed that the extradosal end of each
voussior terminates in a horizontal and a vertical surface (the latter
may be zero); and therefore, since the masonry is assumed to press
only vertically, there are no horizontal forces to be considered. But
as the extrados is sometimes a regular curve, there would be active
horizontal components of the vertical pressure on the surface, and
this would be true even though the spandrel masonry were divided
by vertical joints extending from the extrados to the upper limit of
the masonry. Further, even though no active horizontal forces are
developed, the passive resistance of the spandrel masonry—either
spandrel walls or spandrel backing—materially affects the stability
of an arch. Experience shows that most arches sink at the crown
and rise at the haunches when the centers are removed, and hence
the resistance of the spandrel masonry will certainly materially as-
sist in preventing the most common form of failure. The efficiency
of this resistance will depend upon the execution of the spandrel
masonry, and will increase as the deformation of the arch ring in-
creases. It is impossible to compute, even roughly, the horizontal
forces due to the spandrel masonry.
3. If the arch supports a mass of earth, we can know neither
the amount nor the direction of the earth pressure wdth any degree
of accuracy. We do know, however, that the arch does not support
the entire mass above it. This proposition is self-evident, if we re-
member that a tunnel could be excavatod through the bottom of a
high embankment without the earth's caving in; and it would prob-
able remain until the weather and the elements should gradually fill
up the hole. No one ever thinks of making the lining arch of a
deep subterranean tunnel strong enough to support the entire mass
above it; and yet the prevailing custom among railway engineers is
to proportion arches under high embankments on the assumption
that the arch supports all the earth directly above it. It is not nec-
essary here to point out the way in which the arch is relieved of
part of the weight of the earth above it. We can not compute
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fxactlv whiit this relief is; hut its existence is certain, and shouhl not
he t)verhji>ked in apjilying the theory.
In the theory of nia.sonry arch, the pressure of the earth is
usually assumed to he wholly vertical. That the pressure of the
earth <^ivps. in jijeneral. active horizontal forces, appears to he uu-
(juestionable. This horizontal jiressure is regarded of the utmost im-
portance in proportioning retaining walls; and yet. astonishing as it
may seem, the effect of the horizontal coni|tonent of the earth pressure
is entirely neglected in the oulinary theory af the arch. The omis-
sion of the horizontal components of the external forces frequently
adds to the stability of the arch, but this is not necessarily so. It is
certainly not scientific to neglect an element of considerable impor-
tance, and then apply mathematical analysis to determine a result
which depends upon partial data. The distinguishing characteristic
of the theory here presented is the recognition of the existence of
the horizontal components of the external forces.
Internal Forces. The determination of the line of resistance
of a semi-arch requires that the external forces shall he fully kncnvn.
and also that we know (1) the amount, {'2) the point of application, and
(8) the direction of the thrust at the crown. The determination of
the external forces is a problem independent of the theory of the
arch; and for the present it will be assumed that they are fully
known. Every value of each of the three above factors, and also
every combination of them, will give a different position for the line
of resistance. Hence, the problem is to determine which of the in-
finite number of possible lines of resistance is the actual one. This
problem is indeterminate, since there are more unknown quantities
than conditions (equations) by which to determine them. To meet
these difficulties and make a solution of the problem possible, va-
rious hypotheses have been made.
There is not space to discuss here the various hypotheses that
have been proposed from time to time ; and hence we consider only
the following which have been adopted by writers and engineers
more generally than any other. It seems to have been proposed
first by Mosely.*
Hypothesis of Least Crown Thrust. According to this hy-
pothesis, the true line of resistance is that for which the thrust at
the crown is the least possible consistent with equilibrium. This
assumes that the thrust at the crown is a passive force called into
action by the external forces; and that, since there is no need for a
further increase after it has caused stability, it will be the least pos-
sible consistent with equilibrium.
This ])rinciftle alone does not limit the positioji of the line of
resistance; but, if the external forces are known, and the direction of
the thrust is assumed, this hy|)othesis furnishes a condition by
which the line of resistance corresponding to a minimum thrust can
he found by a tentative process.
* Philosophical Mag., Oct. 1833.
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The half arch sliow n in Fif,^ 1 is
liekl ill equilihriuni by (1) the vertical
forces ir^ . i(\ , etc.. '2) hy the hori/oii-
tal forces //,, Aj , etc., (8) bv the re-
action R at the abutment, and (4) by
the thrust T at the crown. The ilirec-
tion of H is immaterial in this iliscns-
sion. Let a and h represent the points
of application of 7' and //.respectively,
although the location of tliese points
is yet undetermined. Let
T = tile thrust at the crown;
X, = the horizontal distance from 1) to the line of action of w, ;
j\ =the same for ii\ ; etc.;
>l
= the perpendicular distance from 1> to the line of action of T;
k\ = the perpendicular distance from b to the line of action of
//, : /i\ = the same for //, ; etc.
Then, by taking moments about b, we have
7'// = i(\ j\ + ii\ j\ +- etc.. + //, k\ -f //, lx\ + etc.;, rij
V ,/• .,• V h k
hence 7' = +
y y
•[•-^J
1. The value of 7' depends upon 2 ^' ^"—the moment of the hor_
izontal components of the external forces;—but we know niether the
nature of the material over the arch nor the value of 2/< A" for any
particular material. In discussing and applying this principle, the
term 2 '' ^' is usually neglected. Ordinarily this gives an increased
degree of stability; but this is not necessarily the case. The omis-
sion of the effect of the horizontal component makes th? computed
value of T less than it really is, and causes the line of resistance
found on this assum])tion to approach the intrados at the haunches
nearer than it does in fact: and hence the conditions may be such
that the actual line of resistance will be unduly near the extrados at
the haunches, and consequently endanger the arch in a new direc-
tion.
2. F'or simplicity, and because the error involved in the discus-
sion immediately to follow is immaterial, we will temporarily omit
the effect of the horizontal components of the external forces. If
the horizontal forces are disregarded, equation [2] becomes
2 "•^"
y
[3J
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From equation [8], we see that, other things remaining the
same, the hirger // the smaller 7'; and hence, for a minimum value of
r, a should be as near r as is possible without crushing the stone.
Usually it is assumed (for reasons that will appear in the last section
of this article) that (iC is equal to one third of the thickness of the
arch at the crown.
8. To determine //, it is necessary that the direction of T be
known. It is usually assumed that 7' is horizontal. If the arch is
symmetrical aad loaded uniformly over the entire span, this assump-
tion is reasonable; but if the arch is subject to heavy moving loads,
as most are. the thrust at the crown is certainly not horizontal and
can not be determined.
4. If the joint AB is horizontal, then h is to taken as near A
as is consistent with the crushing strength of the stone, or at, say,
one third of the length of the joint AB from A. Notice that if the
springing line is inclined, as in general it will be, moving h toward
A decreases x and will at the same time increase y. Hence the po-
sition of h corresponding to a minimum value of T can be found
only by trial. It is usual, however, to assume that- Ah is one third
of AB^ whatever the inclination of the joint.
Joint of Rupture. The joint of rupture is that joint for
which the tendency to open at the extrados is the greatest. The
joint of rupture of an arch is analogous to the dangerous section of a
beam; and is practically the springing line of the arch, the arch
masonry below that joint being virtually only a part of the abut-
ment.
That no joint may open at the extrados, the thrust at the crown
must be at least equal to the maximum value of T as determined by
equation [2 J, page 21. If the thrust is less than this, the joint of rup-
ture will be open at the extrados; and a greater value is inconsistent
with the hypothesis of minimum crown thrurt. Since the moment
of the components of the external forces are indeterminable, the
position of the true point of rupture can be found only by trial for
assumed values and positions of the horizontal forces.
As an example, assume that it is required to determine the
joint of rupture of the 16-foot arch shown in Fig. 2, which is the
standard form employed on a prominent western railroad. Assume
that the arch supports an embankment of earth extending 10 feet
above the crown, and that the earth weighs 100 pounds per cubic
foot and the masonry 160. For simplicity consider a section of the
only 1 foot thick perpendicular to the plane of the paper. The half
arch ring and the earth embankment above it, are divided into eight
sections, which for a more accurate determination of the joint of
rupture are made smaller near the sup[)osed position of that joint.
The weight of the first section rests upon the first joint, that of the
first two upon the second joint, etc. The values and the positions of
the lines of action of the weights of the several sections are given in
the second and third columns of Table I.
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Fig. 2.
Table I.
TO FIND THE JOIN'T OF RUPTURE OF THE ARCH RING SHOWN IN FIG. 2.
b£ 2
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The value and position of the components of the external forces
are somewhat indeterminate. According to Rankine's theory of
earth pressure, the horizontal pressure of earth at any point can not
be greater than -.—^ times the vertical pressure at the same
1 _ sni (j
joint nor /^ssthau —^^ L times the vertical i)ressure. — 7 being
1 + t^m 7
the angle of repose.f
If 7 = 80°, the above expression is equivalent to saying
that the horizontal pressure can not be greater than three times the
vertical pressure nor less than one third of it. Evidenth' the hor-
izontal component will be greater the harder the earth spandrel-
tilling is rammed into place. The condition in which the earth will
be deposited behind the arch can not be foretold, but it is probable
that, at least, the minimum value as above will always be realized.
Hence we will assume that the horizontal component is at least one
third of the vertical pressure: that is to say, A = g ic d b, in which
IV is the weight of a cubic unit of earth—which was above assumed
at 100 lbs.,
—
d the depth of the center of pressed surface below the
top of the earth filling, and h the vertical dimension of the surface.
The value and the position of the horizontal force acting on the re-
spective sections of the arch ring are given in the second double
column of Table I.
To find the least thrust at the crown consistent with stability
of rotation, assume that the center of pressure on any joint is at a
distance from the intrados equal to one third of the length of the
joint (see paragraph 4 of the preceding section j. The co-ordinates
to the several centers of pressure are giver, in the third double
column of Table I. The length of the crown joint is 1.25 feet.
The thrust at the crown is supposed to be applied at the upper limit
of the middle third of the crown joint. Notice that the several
values of .r, /r, and 1/ are simply the differences between two quan-
tities given in Table 1. The last three columns of the talde contain
the partial values and also the total value of the crown thrust as
computed by equation flj above.
An inspection of the results in the last column of Table I shows
that the thrust is a maximum for joint 4. A repetition of the com-
putations, using smaller divisions of the arch ring might show that
the absolute maximum occurs a little to one side or the other of this
jf)int; but the uncertainty in the data for both the vertical and the
horizontal forces is too great to justify an attem|)t at absolute accu-
racy, and hence we will assume that joint 4 is the true joint of rup-
ture. The angular distance of this joint from the crown is 45°,
which quantity is termed the angle 0/ riiptiire.
j" Rankine's Civil Engineering, p. 320.
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Any increase in the assumed intensity of the liorizontal eoni-
punents increases the coniiiute;! value of tlie anj^h' of ru]>tur»'. For
exanijile, if the quantities in the next to the hist (.•ohinin of Tahh* 1
be doubled, the thrust for joint 7 will be the maxiiuuni. l^robably
tliis condition could be realized by tightly tamping the earth spandrel-
tilling.
Notice that the preceding discussion of the position of the joint
of rupture is for a uniform stationary load. The angle of rupture
for a concentrated moving load will differ from the results found
above; but the mathmatical investigation of the latter case is too
complicated and too uncertain to justify attemjiting it.
A table is frecjuently quoted whicii j)urports to give the angle of
rupture. /. <'., the angular distance of the joint of ruj)ture from the
crown, in terms of the ratio of the radius of the extrados to the
radius of the intrados. The table appears to have been first com-
l)uted bv Mons. Petit. It seems necessary to caution the student
that this table is of but little, if of any. practical value. 1. [t neg-
lects the horizontal components of the external forces. 2. It as-
sumes that the intrados and extrados are parallel. 8. The mathemat-
ical work employed in deducing the results is erroneous or approxi-
mate.* 4. It farther assumes that the crown thrust is aj)plied at the
n\)[ier eutreinifi/ of the crown joint; and also that the center of pres-
sure on the joint of rupture is at the inner extremity of the joint of
rupture. Notice that the error due to this assumption is very im-
portant.
Perhaps it is only fair to add that in by far the great majority
of cases either (1) this table or its equivalent is employed, or (2)
the principle of the joint of rupture is entirely neglected.
Api'LIcation of the Theory. .As an example of the applica-
tion of this theory, let us investigate the stability of the semi-arch
shown in Fig. 8 (page 20) wiien the weight to be supported at the
crown is equal to the weight of 10 feet of earth, while the weight
at other points is proportionately greater. Probably many times in
actual practice a bank of earth extending 20 feet above the crown
would not give this much pressure. This is the same condition of
loading employed in Table I (page 23).
The tirst step is to determine the line of resistance. The maxi-
mum crown thrust was computed in Table I as has already been ex-
plained. To construct the line of resistance, a line JiO is drawn to
scale to represent the maximum thrust as found in the fourth line of
the last column of Table I. From 0, «•, is laid off vertically up-
wards, and from its extremity //, is laid off horizontally to the left.
Then the line from to the left-hand extremity of //, (not shown in
this particular case), represents the direction and amount of the ex-
ternal force— f\ — acting upon the first division of the arch stone;
* For the analysis in qaestion. see Sonnet's Dictiunnaire des Mathematique
Appliqnees, pp. 1084-85..
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Fig. 3.
find the line— /?, — from B to the upper extremity of F, represents
the resultant pressure of the first arch stone upon the one next below
it. Similarly, lay off ic-i vertically upwards from the left-hand ex-
tremity of /«,, and then lay off /*2 horizontally to the left: a line
— F^— from the upper end of ic, to the left-hand end of //o repre-
sents the resultant of the external forces acting on the second divis-
ions of the arch, and a line — 112—from the upper extremity of Fj
represents the resultant pressure of the second arch stone on the
third. The force diagram is completed by draAving lines to represent
the other values of «", //, F. and the corresponding reactions.
In the diagram of the arch, the points in which the horizontal
and vertical forces acting upon the several arch stones intersect are
marked f/,, g2, etc., respectively; and the oblique line through each of
these points shows the direction of the resultant external force acting
on each arch stone.
To construct the line of resistance, draw through I'—the upper
limit of the middle third of the crown joint—a horizontal line to an
intei*section with F,, the oblique force through y,; from this point
draw a line parallel to //, and ])rolong it to an intersection with /'...
In a similar manner continue to the springing line. Then the inter-
section of the line parallel to i?, and the first joint gives the center
of pressure on that jonit: and the intersection of R, with the second
joint gives the center of pressure for that joint, and so on for the
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others. Each center of pressure is marked by a small circle. A line
connectini^ these centers of pressure would be the line of resistance:
but the line is not sliown in Fi)<. 3.
Stability of the Arch. 1. Orerturu'nui. If / = the length
of any joint, and d = the distance between the center of pressure on
a joint and the middle point of that joint; then the factor of safety
jigainst overturning is easily seen to be -r' Since, in the above ex-
ample, the line of resistance lies within the middle third of the arch
ring but touches it, d-ll, and the minimum factor against rotation
is t/ure.
It is customary to require that the line of resistance shall lie
within tile middle third of the arch ring, which is equiv.alent to spec-
ifying that the minimum factor of safety for rotation shall not be
less than three.
2. Crushing. Let P = the maximum pressure per unit of area;
ir = the total pressure on any joint; / = the length of the joint;
and (/ = the distance between the center of pressure on a joint and
the middle point of that joint. Then, considering the part of the
semi-arch above any joint as a cantilever acted upon by both a longi-
tudinal and a transverse force, it is easy to prove that
jr «jFd
2 W
At the crown, d — \J, and hence P - —r-; or, since \V = 9,400
pounds and / = 1.25 feet, P = 14,040 pounds per square foot = 98
pounds per square inch. At the springing, H^= 21,700 pounds,
/ = 4.5 feet, d — 0.10 feet; and
P 21.700 6 X 21,700 X 0.10 . q.->, „ ,^ ^ ,^^P =
-^^ +
^j^^ = 4,820 + 643 = 0,463.
Hence P = 5,463 pounds per square foot — 38 pounds per square inch.
The factor of safety depends upon the kind of stone and the quality
of tlie niasonr}'. but there is not space here to discuss this phase of
the problem. However it is certain that in this case the nominal
factor is very excessive, while the real factor is still greater.
If the maximum pressuie at the most compressed joint had been
more than the safe bearing power of the masonry, it would have
been necessary to increase the depth of the arch stones and repeat the
entire process. Notice that the total pressure on the joints increases
from the crown toward springing, and that hence the depth of the
arch stones should increase from the crown toward the springing.
3. Sliding. The factor of safety against sliding is equal to
the tangent of the angle of repose (''angle of friction") between
two adjoining stones divided bg the co-tangent of the angle between
the resultant pressure and the joint. When the mortar is still wet,
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the tano:pnt of the aiif^fle of repose is not less than 0.50: and when
the mortar has set. it must he much greater tlian this. Notice that
the angle between the resultant pressure on any joint and the joint
is least at the springing: and hence the stal)ility of this joint against
slidinsr is less than that for anv other. The nominal factor (jf safetv
= ——— =: ——- = 1^, while the real factor is still more.
tan 18- 0.38 ^
Common' Theory. The theory most frequently employed.
Fig. 4.
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Sclieffler's. assumes tliat tlir extiTiial forces arc t'litircly vertical. The
line of resistance according to this theory, and tiie niethoil of tind-
iii^ it. is shown in Fi";. 4 ijy the broken line, l-'or tiie sake of com-
parison, also the results according; to the preceding theory are shown
in FiiT. 4 bv tl:e solid liiu^s. The dilTercnce between the liiu' of re-
sistance according to this theory and that according to the jjreceding
theory is not great above the joint of rupture; but the difference is
considerable below that joint, and has a very important effect u|»on
the supposed stal)ility of the abutment. The latter will a|)pear from
a brief study of the diagram. In some cases, the line of resistance
according to Schetiiers theory lies within the middle third of the
section of the arch ring, while the analysis, according to the jireced-
intr theory shows it to l)e outside the middle third. The greater the
value assumed iov the horizontal comiionents, the more frequently
this occui*s and the greater is the difference between the two lines of
resistance.
Very frequently the principle of the joint of rupture is entirely.
i)ut improperly, neglected in applying this theory. The line of re-
sistance obtained by this proceedure is shown in Fig. 4 by a dotted
line. The error of this method is apparent, since according to this
theory it would be impossible for the arch shown in Fig. 8 to stand
for a moment; while it not only does stand and carries a heavy rail-
road traffic without any evidences of weakness, but any reasonable
analysis shows that it is even extravagantly heavy. This erroneous
theory has caused many arches to be made excessively heavy, and the
employment of SchefHer's theory has caused the abutments of many
arches to be made needlessly heavy.
Conclusion. The attempt has been made above (1) to show
that no theory of the masonry arch can be anything more than an
approximation; and (2) to present a theory which is free from some
important errors of the theory in most common use, and which it is
believed accords more nearly with the results of experience.
MODERN IMPROVEMENTS IN RAILROADS.
J. F. CLARKSON, '90.
An enumeration of the modern improvements in railroads entails al-
most a complete description of the railroads of today, so great have been
the changes. The object to be attained, for which all railroad improve-
ments have been made, is the accommodation of business, and many
inventions, although not universally adopted at present, bid fair to add
materially to the great end when their adoption is secured. It is as
logical to reason that the business of the modern world could be done by
the primitive methods of older civilization as to say that the railroad
traffic of to-day could be accomplished for any length of time by the ways
and means of twenty-five years ago.
It is the object of this paper to classify the American improvements,
principally in the freight service, and to mention the chief ones rather
than discuss each minutely. The following classification will greatly
facilitate a systematic treatment, viz : (i) Improvements in Rolling Stock
and Engines, (2) Improvements in Roadway, and (3) Improvements in
Service.
Rolling Stock and Engines.
The improvements in rolling stock have been confined mainly to
the running gear, couphng attachment, and brakes ; although, in cars
designed for special transportation and in passenger cars, great attention
has been paid to the bodies.
The wheel and axle have undergone many changes in make and
material Examination of broken axles of the style formerly employed
showed that the rupture almost invariably occurred where the axle changed
diameter when this change was accomplished by a square shoulder. This
led to different diameters in the ax^e being reached by the arc of a small
circle, called a radius. The vertical shear and fiexual stress at those
sections was decreased and the change was found to be a decided ad-
vantage. In the standard axle the least diameter is the central one, it being
3I inches. From here the diameter increases until it reaches 4f inches at
19^ inches from the center. A 5-inch diameter is then reached by a 12-
mch radius. This is the diameter of the wheel seat. The axle preserves
this diameter for 1 1 inches and then reaches the journal diameter, 3^
inches, by a ^inch radius. The diameter of the collar is 4^ in. The
length over all is 6 ft. iij in., and from center to center of wheel seat
4 ft. 8^ in.
The journal-box has been the subject of many friction-decreasing
improvements. The standard box weighs seventy-four pounds and is 13
inches long. The bearing is of brass with oil lubrication, and enough of
the lubricant is usually kept in the box to partially cover the axle. In
CLARKSON—IMPROVEMENTS IX RAILROADS. 31
recent experiments, the journal friction at operating speeds was found to
be slightly over one quarter pound per ton, which may be considered a
minimum.
The capacity of freight cars has been greatly increased during the
last few years An inspection of any freight train will suffice to show
how recent this imjirovement has been, a car of fourteen tons capacity
being very often coupled to one of twenty-five or even thirty tons, the
first, although so inferior to the second in point of capacity, having not
yet become useless. This goes to prove that this wonderful develop-
ment has all been within the life-time of an ordinary freight car. The
modern freight car has a life as long, if not longer, than the old one; its
earnings are greaftr; and a train composed of them is much shorter, in
proportion to tonnage, which of couise means easy handling and a mini-
mum number of train men.
The brake and coupler attachments of a standard freight car not-
withstandininj all modern improvements is yet far from perfect both
from economical and scientific points of view There are several goo:l
devices of both in the market, and the only drawback to their adoption
seems to be the lack of co operation on the part of railroad companies.
With trains composed mostly of foreign cars, corporations do not feel
justified m equii)ping their own cars with these improvements to be used
with others not having the latest appliances.
The Roadmasters' Association in its '85 meeting made provisions
for tests with automatic couplers and these were made in Buffalo, N. Y
,
in September of the same year. The committee in its report gave pref-
erence to the Janney type. It is a vertical hook coupler and its working
parts are best seen in a horizontal projection. The coupling is done by
\' shaped pieces bolted to the head of the coupler, by a vertical bolt and is
free to move on the bolt as an axis The cars are run together with one
of the Vs locked and the other open, the projecting arm strikes the loose
coupler and drives it back against the head of the coupler, and a gravity
pin drops down and holds it firmly in place. The general iorm can best
be seen by interlocking the hands by means ot the fingers. The Janney
makes a close coupling; but the objection, so prevalent among railioad
men, that some free slack is necessary for starting a train, is overcome by
having the main shank of the coupler fastened to a heavy spring, which
gives about two inches of elastic slack to each coupling.
The question of brakes was also discussed by the same Association,
the outcome being very favorable for the adoption of the latest form.
The requisites for thecominii brake, as given by the committee, are: It
shall be a power brake, act similtaneouslv, and be safe. These con-
ditions are fulfilled in the newly improved Westinghouse air brake. Its
mechanism consists of (i) an air pump on the engine, worked by steam
;
(2) an automatic triple valve; (3) a cylinder under each car, capable of
holding air enough to apply brakes three or four times, the pistons of
which communicate with the brake beams or levers ; and (4) a pump-
regulator to keep up the pressure in the connections to an amount for
which the brake levers may have their length adjusted ; and, (5) a reser-
voir for compressed air. By opening the engine valve, a small amount
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of air is allowed to escape thus making the pressure on the pipe side of
the triple-valve less than on the reservoir side. This moves a plunger in
the triple valve which cuts off the supply of air from the main pipe,and at the
same time opens a slide valve permitting the passage of air to each car-
cvlinder which ap|)lies the brakes. With this brake the time of applica-
tion to a train of 20 cars has been reduced to two seconds On some
roads where, from curves, grades, guage or other peculiaiity of construction,
they are enabled to keep their cars at home, both improvements have
been adopted ; but this is not general. It is not easy to devise a train
more easily handled than one composed of modern freight cars equipped
with power brakes and automatic couplers.
The engine of to day is vastly superior to the one of twenty-five
years ago, and its development has been very rapid The locomotive
used in America is called the '\\merican type," because of distinctive
features used only in this country. It has been used here from the first
and seems to have met the requirements placed upon it. The improve-
ments have been not so much in principle as in mechanical devices Its
peculiarities are the bogie truck, outside and horizontal cylinders, and the
equalization of load on the drivers. Many manufacturers and locomo-
tive builders have made important improvements peculiar to their own
engines. The boilers are fed by injectors, the fuel has been changed
from wood to coal, the heating surface has been increased, and the ques-
tion of gas or oil fuel is being discussed The modern engine has in-
creased, and is still increasing, in speed and tractive power, while the
facilities of manafactare has made the cost about $7,500 against $10,000
or $12,000 formerly.
Methods of heating and lighting for pa-Jsenger cars are being im-
proved very rapidly. The important part played by the "car stove" in
increasing the fatalities of wrecks shows that there is room for improve-
ment. The object desired is to secure light and heat for the tiain from
the locomotive and thereby lessen the danger of fires in case of an ac-
cident.
Improvements in Roadw.ay.
Many improvements of late, both in rolling stock and in
roadway, owe their existence to the use of steel in the manufacture of
rails, and this one item in itself is about the most important achievement
of modern railroading. The steel rail is vastly superior to the iron one
because of its greater hardness and homogeneous texture It admits of
wear without splitting, and by this one advantage much material is saved.
The life of the rail is lengthened, and the labor required to replace rails is
reduced to the minimum. Steel was first used in rails about 1870 and
the production has increased steadily from that date. Experience has
been carefully studied to determine the effect on the wear of the rails of
varying the proportions of the chemical constituents used in its manu-
facture, of different spacing of the ties, and of other factors. Experi-
ments by M. Coward led to the following conclusions : [i) The wear of
rails is caused by the number of trains more than by the tonnage v;hich
passes over them. (2) It is proportional to the amount the rail
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deflects when the wheels pass over it, and is therefore proportional to
the spacing of the ties (3) With similar conditions of track, the hij^her
the percentat'e of cirbon antl manganese in the rail, the better the wear.
(4) With greater hardness the wear diminishes proportionally.
With the advent of the steel rail came the S[)lit switch, whose su-
periority can be clearly proven by consulting the records of switch de-
railments and accidents before and after iis introduction. It has gained
so rapidly over the "stub switch" that now, I believe, it is the rule on
all well regulated roads that no "stub switches" shall be used in the main
line. The frogs used do not differ much in piincii)le from the old ones,
but the material used is steel
The question of rail joints has been much agitated during the last
few years and an improvement is visible. The ideal splice should render
the joint as strong as the rail, should be simple and cheap, and should
hold the rail ends firmly thus reducing the pounding to a minimum. It
is. claimed that the Fisher joint comes nearest to fulfilling these require-
ments. In this joint the ends of the rails rest on a flanged beam or
channel which is long enough to be spiked to two ties, and are secured
there by means of a U bolt passing vertically upward through the chan-
nel and rail corners and bolted above. In the loop of the U an
elliptical steel spring is placed to take up any wear in the parts. Ex-
perience has shown that breakage of the angle bars occurs by shearing at
the joints, because of the stress occasioned by the upward motion of the
rail as the load approaches and recedes. The nut lock overcomes this
motion almost entirely The channel is slightly arched, thus distributing
the load received at its center more evenly over the two ties. This joint
is very much better than the old cast iron chair, and the rapidity with
which it is coming into use seems to indicate its preference to the angle
bar.
The wooden tie will become scarce with the clearing of our forests,
and already this scarcity has led many inventors and track-men to seek
for a metal substitute; and many of these are now in the market. Al-
though they are not generally used, the scarcity of timber will soon make
them a necessity if the mileage increases in the future as it has in the
past. The best metal tie is of wrought iron or steel and rolled L'-shaped
it is laiil with the open part of the U upwards. In order to prevent a
lateral movement, part of the bottom is cut away and the portion near
the opening bent upward When ballast is rammed well in the opening,
the pressure on the inclined planes prevents any sidevvise motion.
Wooden blocks are placed in the troughs of the ties upon which the rails
rest. The ends of the rails are held in place by two Sshaped iron
clamps. The lower curve of the S slips through a hole in the bottom of
the tie, and the upper curve clasps the base of the rail. A bolt is passed
through the block and also through the clamps It will be easily seen
that as the nut is tightened the rail is clinched more securely. In this
part of the country I believe that almost every railroad charges its road
departments 34 to 36 cts. per tie; and, as this is pretty expensive, we
would suppose due care would be taken of the timber. This is the case
and many roads have preservatives for their ties. The principal preser-
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vatives now in use are: corrosive sublimate, sulphate of cop|)er, chloride
of zinc, and dead oil Chloride of zinc is most generally used, and ties
treated with it have bt?ea found souml after nine years of con-
stant use.
Several minor improvements have been made in this department dur-
ing the last few years; indeed, I presume every supervisor has improvements
of his own in order to increase the efficiency of his division and main-
tain it with economy and safety. His ideas on ballast, switches, drainage
and other details are usually peculiar to his situation and the general
condition of track and traffic The question of building and maintain-
ance of way is a very important one, and an inspection of modern
methods of its solution will prove to the most casual observer that this
department has not been neglected in regard to modern improvements.
Improvements in Service.
While riding on a first-class passenger train one is disposed to think
railway service perfect, and he is right as far as that pait of the service
goes; but to the farmer, merchant, or shipper who has perishable goods
in transit, it is often in fault—sometimes several thousand dollars worth.
On the other hand, vast strides have been taken during the last twenty
years to secure good time and accommodation, until to-day we can see,
with the adoption of automatic brakes and couplers, and the abolishment
uf grade-crossings or the stops occasioned at them, a service, both freight
and passenger, which will be hard to excel. The first two have been
spoken of already, and it may not be out of place to say a few words on
the latter.
The abolishment of grade crossmgs is being seriously considered by
almost every railroad engineer in this country; and the agitation bids fair to
remove, within a few years, this greatest of obstacles to a good and eco-
nomical railroad service. Many schemes have been tried for abating the
nuisance, some of which work admirably; and any railroad which does
not protect its crossings by some one of them cannot be called modern
in its equipments. The stop, which the laws of nearly ail the states require,
is the great objection to grade crossings; and all inventions under this head
aim to obviate it, wiien the road is clear. The interlocking switch is a system
of signaling whereby the engineer may understand the state ol affairs at
the crossing. If in any case he fails to stop when the signal is so set,
the train is side tracked by a switch operated by the same apparatus as
the signal The interlocking switch not only commends itself to railroad
managers for its safety but also for its stronger point, economy. Take
the least expensive grade crossing, one which has level tangents on either
side, and compute the loss. A stop costs from 30 to 50 cents, averaging
^o; and assuming ten per ilay each way, the loss at this crossing per year
would be $5,840. The cost of the apparatus to protect it would be at
highest figures $4,500. and would easilv pay for itself in a year In
these computations the railroad companies are taken as the only losers;
but taking into account the time lost by the traveling public and in freight
transit, the figures run much higher. This question is receiving more at-
tention every day and the state governments are taking hold of it, Con-
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tiecticut having just passed a bill for the abolishment of 250 grade cross-
ings, the expense being borne equally by the state and the companies.
But ihe real remedy lies in not building them on our new roads, and after
weighing the evidence for and against, I think it behooves every engineer
to cast aside personal motives and prejudices and to give to the public as
good a servant as can be had for the capital invested.
The improvements cited in this paper are but a few of the many
which have been made in the last quarter of a century; and, indeed, it
would be next to impossible to give a detailed list. I presume that every
road supervisor, engine builder and engineer has improvements of his
own of which we have no account. Problems which our ancestors
thought hard have been solved bv the improvements of modern genius,
and the railroad has received its full share.
THE MANUFACTURE OF IRON.
F. J. TRESISE. "90.
Iron in its various forms is without doubt the most useful metal
known. It may be classified as wrought iron, cast iron, and steel.
Each of these metals is extremely valuable, but the last is becoming
the most extensively used. It will not be within the limits of this
paper to give a detailed description of the manufacture of each of
the above metals, but the object of the writer is to give some of the
principal processes used in the reduction of iron from its natural
ores to the different forms and shapes used in engineering works.
Tlie ores used in the manufacture of iron are the oxides and
carbonates. These are widely distributed throughout the world. In
the United States ores of different qualities are found in almost
every state: but among the largest and richest deposits found in any
state are those along the borders of Lake Superior. The chemical
composition of iron ores used in the principal iron manufacturing
districts of the United States areas follows: The Hematite (FeoOa)
—a reddish "brown ore—is found principally in the Lake Siuperior
mining regions, and yields about 70 per cent, of metallic iron. The
Magnetic Iron Oxide (Fe3 O4)—one of the purest ores to be found
in the United States—is transported in large quantities from the
mines of Michigan to the iron districts of Pennsylvania and Ohio,
and vields from 75 to 80 per cent, of metallic iron. Other ores
noted for their rich yields are found in eastern Pennsylvania. The
Spathic Iron Ore (FeOCOa)—commonly known as Siderite,— is
found in some quantities in western Pennsylvania, but on account of
its comi)aratively light yields of metallic iron—33 per cent.,— it is
not geneaally u.sed in the nninufacture of iron. Previous to their
being charged into the blast furnace the Spathic ores require calcina-
tion, which is also another reason why they are not used.
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In the reduction of these ores to metallic iron, they are first
assorted as to quality, either at the mines or at the blast-furnaces.
then the larijer lumps are passed through an ore-crusher, which re-
duces the pieces to a uniforju size and hence they will melt at a uni-
form rate after being charged into the furnace.
The blast-furnace consists of a stack from 60 to 80 feet high,
built of heavy boiler-plate iron riveted together in sections and lin*^d
upon the inside with a good quality of fire-brick, the whole of which
rests upon a solid stone or concrete foundation. The shape of the
blast-furnace varies somewhat, depending upon the reducing agents
used. For the modern coke furnace, the general plan is as re])re-
sented in the accompanying figure. The stack is narrower at the top
where the ores and the reagents are inserted,
so that when they become melted and des-
cend, they will not have a tendency to tear
and take with them the interior lining of
the furnace. Formerly the top of the fur-
nace, A. was open, allowing the escaping gas
(the result of a chemical action taking place
in the furnace, as hereafter explained) to
pass off entirely. The modern furnace with
its more economical methods of construc-
tion has its top, with the exception of a
small escape pipe, entirely closed; and the
gas—carbon dioxide—instead of passing off
from the furnace into the open air, is forced
through a series of pipes, «, a
'
, to the boilers
and hot-air stoves to be there used in gener-
ating steam and heating the air that is blown
into the furnace, thus saving a large amount
of fuel.
With the coke-furnace, the reagents
used in reducing the oxides and carbonates
of iron to the metallic state are coke, coal,
and limestone. These materials are taken
from the adjoining stock-house to the top of the furnace-stack bv
means of elevators. In some cases the elevator consists of au auto-
matic car running upon an inclined railway, thus doing away with
an attendant at the top of the furnace to insert the charge. The
former method, however, is the one generally used. The proportions
of ore, coke, coal, and limestone used in the production of a ton of
pig iron are approximately as given in the following table:
BLAST rURNACi: SECTl
scalc 'At'/.
o:j
Ore 3.800 pounds.
Coke 1.800
Coal 900 "
Limestone 860 '*
Total 7.350
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These proportions may he more or less accorflin<i; to the working
condition of the furnace and the quality of the minerals used.
The chemical process in the reduction of the ores in the furnace
is about cis follows: The charges entered at the hell, A (see the
tigure), descend towards the hearth, H. The air forced into the
furnace at the tuyeres, c, r' , etc., rises through the diffcnMit materials
and tills the shaft of the furnace. Th»^ oxygen (»f the air on meet-
ing the fuel at a high temperature combines with the carbon and
forms carbon dioxide ( C Oj). As the carbon dioxide ascends through
the fuel, it looses one atom of oxygen, leaving carbon monoxide
(CO): and as the carbon monoxide ascends still higher in the furnace,
it comes in contact with the unchanged ore and takes up another
atom of oxygen, thus again forming carbon dioxide, in wliich state
it issues at the top of the furnace.
The len«;th of time re(piired fo reduce the ores to metallic iron
varies, according to the working condition of the furnace, from 8
to 12 hours. The iron being the heaviest material descends, upon
melting, to the bottom or hearth of the furnace and is there tapped
and allowed to run into the metal beds which have been {jreviousl}-
moulded in the sand-floor of the easting-house. The molten slag,
or cinder, being lighter than the iron, remains in the upper part of
the hearth and is tapped from the furnace every few hours similarly
to the iron, but is run off in another direction and is broken up and
carted away. After cooling, the pig-metal, or cast iron, is broken
into convenient size for handling, preparatory to being converted
into wrought iron or steel. Pig-metal contains from 8 to 6 per cent,
of carbon, about 5 per cent, of silicon together with manganese,
phosphorus, and sulphur in less quantities.
In the conversion of cast iron into wrought iron, the cast iron
is subjected to a process known as puddling, which consists of melt-
ing the pig-metal on the hearth of a reverberatory furnace in which
the metal comes in contact with the products of gaseous combustions
only. While the molten mass of metal lies in this state in the
furnace, it is kept constantly stirred with a rabble by the puddler so
that every particle of the metal is brought in contact with the de-
carbonizing flame of the furnace. This oxidation is assisted by add-
ing a flux in the form of scales of iron or a little crushed iron ore.
Draught in the furnace is obtained by a fan-blower or a tall chimney,
and is regulated by a damper at the top of the chimney.
After the mass, which originally consisted of about five hundred
jiounds of pig-metal, has been suHioiently oxidized in the flame of
the furnace, it is worked into a ball and taken from the furnace upon
a buggy made for the purpose or by means of a large tongs attached
to a jtulley working upon an elevated railway. By either of these
methods, the molten ball is transferred from the reverberatory furnace
to what is kncnvn ;is the squeezers, where a large amount of cinder
which ha.s accumulated in the molten mass is disposed of by a con-
tinual pressure being exerted upon the mass by the sides of the
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squeezer as it revolves. After passing through this apparatus, the
ball has taken the form of a parallelopiped: and while still very hot
is taken to the rolls where, after several successive passes through
the rolls, it is reduced to what is known as muck-bar. in this state
the iron has rough surfaces and edges, and is not used until it has
pa.ssed through a further process of refining. The tensile and com-
pressive strengths of muck-bar is estimated to be approximately
three-fourths that of finished bar iron.
In the production of bar, plate, and sheet iron, the muck-bar is
cut to different lengths, placed in rectangular piles, and re-heated in
a reverberatory furnace to a welding heat, when it is again taken to
the rolls and worked into the form desired. In the rolling of sheet
and plate iron, a set of very heavy rolls having polished surfaces is
used: but in the rolling of ordinary merchant-bar iron this require-
ment is not so necessary. A repetition of the process of heating
and rolling increases the quality of the iron, /. e.. increases its
tenacity and also its limit of elasticity.
The process of making channel and angle iron and also I-beams
has been, until within a few years past, comparatively unknown.
This has been due to the great difficulty in obtaining a suitably
shaped roll for the rolling of these peculiar shapes. Messrs. Carnegie
Bros. & Co. were among the first to overcome this difficulty. At the
present time these shapes in iron are as common as any other, and in
all the large rolling-mills throughout the country, iron, from that of
the ordinary bar to the most difficult shapes used in simple and built-
up beams,—are rolled with equal ease.
SOME THA('K IMi'OHLEMS.
Pbof. a. N. TALBOT.
Problems relatin<^ to tuniouts often re((niro coiisiderjihlc iiige-
luiitv ami (luickness on the part of the track (Mi<^ineer. New prol)-
lenis require solution under unfavorable conditions,—when time is
money and correct thinking ditficult. Too often the practice is to
fud<?e the track. leavin<>; the track men to line the work in as well as
may he. or possibly to solve the problem by successive trials iu the
field. The fudging is unsatisfactory, both in the field work and in
the records and maps; and generally the problems are capable of
mathematical solution, when the field work may be carried out more
quickly than ))y either trial or guessing.
p]ach problem must be solved by itself as the occasion brings it
up. Familiarity with similar formulae is of value, but a ready
knowledge of trigonometry and tact in ]ierceiving the conditions and
requirements of the individual problem and in aj)plying one's
knowledge are far more important. The problems to be presented,
then, are to be considered as illustrations of the way of getting at
such problems and to incite interest in similar ones, rather than for
their absolute value.
Simplicity and shortness are desirable qualifications of any
method. A noteworthy function conducive to brevity is the versed
sine, and it deserves a more extended use than is ordinarily given it.
A table of natural versed sines is given in the best field books and is
much more convenient than computing the value from the cosine.
One advantage of the versed sine over the functions of half-angles,
etc., a.s sometimes employed, lies in the fact that its value and po-
sition are easil}- shown on a diagram or on the ground, since /i* X
rers 'i gives the lateral divergence of a curve from the prolongation
of the tangent.
The problems here presented were first solved by the writer in
the field under pressure of circumstances. He has found all of them
valuable and useful many times, both in the forms here given and in
the various modifications which may readily be made.
In the case of a turnout from a curve, it is assumed that the de-
gree of curve necessary for a given frog is equal to the sum of the
degree of main track curve and the degree of the turnout curve from
tangent, when the turnout is on the inside of curve, and to their dif-
ference when on the other side. This aj»proxiniation gives an error
much smaller than the errors of field work. Most railroads use one
or two standard sizes of frogs, requiring their turnouts to conform
to the frogs. The No. 9 frog, used with the corresponding curve,
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7°30', gives a satisfactorv turnout. The frog distance used is 85
feet, wbifh closely approximates to the frog distance for standard
gauge and is exact fur a slightly widened gauge such as is sometimes
used opposite the frog.
FIG. 3.
i
Problem I.
—
Required the P. C. C. of a tarnoKt of radius r on
a curve of radius R, in order that the distance between centers of tracks
on the tangent be d.
In Fig. 1 A B c D is the main track, and b the P. C. of the main
track curve. The angle ^ and the distance b c to the P. C. C. are
required, o, b = r is the radius of the main track curve and OoC — r
is the radius of the turnout curve. From the diagram, it will be
seen that h f = i g =r ;• vers w and h b - R rers w. Hence d = f b —
HB -UF = {R - r) vers oj^ and
d
vers iij — R (1)
whence finding the length of curve corresponding to this central
angle, the P. C. C. may be located, and the curve run in by the usual
method. Also
F G {R - r) sin bo,c. (2)
which may be used as a check on the iield work.
As an illustration of this problem, suppose a turnout is to be
run from a 3° curve, using a No. 9 frog, so as to be 15 feet distant
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from the main-track tan<^eut. Tlie turnout curve will ])e 7" 80' +
8° = 10'' 80'. y = 54().4. R = 11)10.1. 'riie an<^le corresponding,' to
the versed sine resulting from sul)stitutin<j; these values in (1) is H°
80'. This central angle will require 288.8 feet of 8° curve; hence
the P. C. C. is 288.8 feet from h.
Equation (1) is of frequent application in many ways. It may
be used on location in compcnuiding a curve so a.s to reach a line
parallel to and d distant from the tangent of tlie simple curve.
Problem II.
—
Required to pass from a curve of radius R to a
parallel curre d distant, by a curve of radius r and a tangent.
In Fig. 2 let it be required to pass from the curve a b c to the
parallel curve d e by the curve a f, whose radius Oj i) is r. and the
tangent f e. o, a — H. The length of a f, f e, and a b are required.
This problem readily comes under equation (1)
rf = EB = BG — EGr=7? vers (? — r vers /?.
,
d (3)
vers /? = T>
i\ — r
Likewise f e = (i^ — r) sin ,S (4)
For example, it is required to pass from a 4° curve to a parallel
curve 15 feet distant, using an 11° 80' curve for the turnout. Sub-
stituting in the forraulaj and solving, ,5= 10° 17', fe = 166.7, and
ab = 257.1. A may be chosen at any convenient point that will
bring E on the curve.
Problem III.
—
Eequired to pass from a main-track curve of
radius R bi/ a turnout in the opposite direction of radius r and to re-
verse into a curve of radius r' which will end in a line d distant from
the main-track tangent.
In Fig. 8, ABC is the main track, BC being a curve of radius
<>, B = /<*. D F is a siding (/ distant from A b. It is desired to start a
turnout from a given point h with a curve H G of radius o^B. = r
(02 not represented on the diagram as at the center of the curve), and
reverse at G into a curve ge with radius Og e = r'. The central
angles at Oj and O2 are required; also the point e.
Consider the required curve of radius r extended backward until
its tangent is parallel to a b at i. The total curvature of H i then
equals that of b h, and the corresponding central angles are equal.
Draw parallel lines from the extremities of the curves to the right
and consider the perpendicular distances between those lines to be
measured along s i. Then
8i — &L-i-Li = d-\-LK-\-Ki=:d + R vers <p-\-r vers f (5)
s I = s m + M I = r' vers {o+ tp) -\- r vers {0 + <p).
6
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Equating and solving, vers {0 + <f)
=(f + i^j^ >) rers ^^
r' -\-r
(6)
whence the distance H g and a e may be calcuhited in the usual
manner. The distance BR may be calculated very easily by a similar
method, using the sines of the same angles.
As an illustration, let it be required to make a 30' turnout from
a 7° curve—the total divergence of tracks being equal to that of a
7° 30' curve—having the P. C. C. at H 85 feet from b, and reversing
into a 7° 30' curve which shall end at e 15 feet from the main track.
B H, and consequently hi, then contains .85 X 7° or 5° 57' of curva-
ture, which equals c. By formula? (5) and (6),
s I = 15 + (819.0 + 11459.2) x .00539 = 81.2
wrs(<?+ e)=^_^__P^^^_^ = .00664, and the angle
corresponding is 6° 35'. 6° 35' requires 87.8 feet of 7° 30' curve,
which is the distance eg. = Q° 35' — 5° 57' =38'. and the cor-
responding length of 30' curve, gh, is 126.7 feet. The above ar-
rangement places the point of frog at b.
Two problems will now be given as an exercise for the members.
._-i'_^ e
Problem IV.
—
Required the point of intersection of a 50-ft.
ri()ht-of-Huij line on a curve with the prolongation of a GO-tt.riglit-of-
uay tine on the tangent.
For example, in Fig. 4 a b is the main track, which has a 60-ft.
right-of-way. The curve b h c is a branch line with a 50-ft. right-
of-way. It is desired to extend the GO-ft. right-of-way line until it
intersects the 50-ft. line at e. Required b h and i e.
Problem V.
—
Required the location of a Y consisting of a given
length of a given curve at at either end a)id the remaining part of a
sharper given curve.
In Fig. 5, A B is the main line; c d is a branch line, the distance
between at the P. C. being 45 feet. Each end of the Y is to consist
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of 85 feet of 7° 30' curve,—siifticient to l)rinr( the jioint of a No. U
frog at the end of the 7'^ 30' curve. The rt'iuaiuder of the Y is a
16° curve. Tlie h)catioii of D fronx the 1*. T. and of u with refer-
ence to a point opposite the P. C. is required.
In tne computations of track and location probU^ras, con-
tracted methods of multiplication and division are very useful;
and for the dejijree of accuracy desired such approximate uu-thtjds are
preferable to the use of logarithms, especially where additions or
subtractions have to be made. The principal commendable feature
of graphical methods of calculation is that unnecessary refinements
are avoided: and the same idea a|»|)lie<l to numerical com|)utation
dispenses with a large amount of sujierfluous work and is much su-
])erior to graphical computations. It is necessary only to see that
the methods are as accurate as the work in the field.
WOOD, ASPHALT, AND STONE PAVEMENTS.
R. J. f^OOKE, "90.
It is not the intention here to enter into a discussion of the
merits of any particular kind of pavement, bat rather to give a brief
description of the various kinds.
In the first place it is admitted by all, that it is of little use to
lay any pavement without a good and substantial foundation. Such
being the case, a substantial concrete foundation is first laid, and it
should cost the same, whether granite, wood, or other material be
placed upon it; consequently the only thing to be considered is the
cost of the wearing surface, the lasting qualities of the same, and its
desirabilit}' as a pavement when completed.
Wood.—The first, and probably the most extensively used at
Eresent, is wood. In 1860 tne first wood pavement was laid in St.
ouis. It required repairs in about four years, and in 1867 wasrelaid
with white pine. From 1863-6'J, inclusive, 10^ miles of this pave-
ment were laid, costing over $600,000. Repairs were commenced in
1867.
Fully creosoted wood-blocks under heavy traffic wear rapidly, as
shown in the Brooklyn Bridge, for the reason that the oil keeps the
fiber soft. There was more wear on the wood pavement of the St.
Louis bridge in the two months that the bridge was salted to remove
the slush and ice. than in the balance of the year. In other words,
the ])rincipal wear of any wood pavement occurs during wet weather,
and the aim should be to keep the wearing surface of the wood as
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dry and sraooth as possible. With a good concrete foundation once
down the wooden blocks could be renewed, when necessary, during
night time with little or no inconvenience to travel. In the city of
Chicago, out of 277 miles of paved streets, there are 213 miles of
cedar blocks, of which nearly 40 miles was laid in 1886. For a
wood pavement a 5-inch block is more suitable than a deeper one, in
that when the surface of the street becomes worn down, to the ex-
tent of two to two and one half inches, it becomes so irregular that
the remainder of the blocks, whether 2^ or 5 inches, are so softened
with moisture, which accumulates in the depressions from rain fall
or by sprinkling, that they soon go to pieces. From a sanitary point
of view, the concrete foundation would prevent what most people
seem to dread,—the leaking through of impurities to the soil beneath,
while the treated blocks would disinfect any portion that might en-
ter them.
Wooden pavements are peculiarly ill adapted to a dry climate like
that of California. During the long dry summers the wood shrinks,
and the spaces between the shrunken blocks become filled with sand.
With the first fall of rain, the wooden blocks expand, and some-
thing must give way. Usually the roadway humps itself into ridges
impassible to wagons. Frequently the ridges break up with the
pressure, and street urchins carry off the detached blocks of wood for
fuel.
In the west end of London the new pavements are largely of
wood, which is so noiseless and, while it lasts, so smooth that it is
cpite popular. It has to be replaced every six or seven years, and
for the last two or three years of its life it is somewhat rough ; but the
Londoners seem willing to stand the expense and trouble of renew-
ing it so often, in order to do away with the racking noise and w^ear
and tear of stone pavement. In Paris nearly all the inner and outer
lines of boulevards are paved with wood. In Berlin wood has been
tried in the last three years, but has broken up very rapidly and is
pronounced a failure.
Asphalt.—Asphaltum as a pavement is rapidly coming into
use. Asphalt is a peculiar substance, the origin and nature of which
is but little understood. Although its preparation on a large scale
dates back scarcely three decades, it forms the basis of one of the most
flourishing industries, and has become almost indispensable for pub-
lic structures and for beautifying cities. The method of preparation
and manner of laying is about as follows: After a foundation of
cement and concrete has been made, the wearing surface or pave-
ment proper is laid, the basis of which must be pure Trinidad asphal-
tum unmixed with any of the products of coal tar. The wearing
surface should he composed of: (1) refined Trinidad asphaltum;
(2) heavy petroleum oil: (3) fine sand containing not more than
one per cent, of hydrosilicate of alumina; (4) fine powder of car-
bonate of lime. By mixing the two hydrocarbons
—
^petroleum oil and
asphaltum—the mold of the pavement, called asphaltic cement, is
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manufactured, which cement has a fire-test of 121° C, and at a tem-
perature of 15.5° (,'., lias a specitic gravity of 1.19. They are mixed
iu tlie foUuwini; proi)ortions by weight: pure asphalt um, 100 piirts;
heavy petroleum oil, 13 to 20 parts.
The asphaltic cement being made in the above descrilicd man-
ner, the pavement mixture is f<n-med of the following materials and
in the proportions stated: asphaltic cement from 12 to 15; sand from
18 to 80; pulverized limestone 5 to 15.
In order to make the pavement homogeneous, proportions of
asphaltic cement must be varied according to the quality and char-
acter of the sand. The sand and asphaltic cement are heated sepa-
rately to about 150° C. The pulverized calcium carbonate while
cold is mixed with the hot sand, and is then mixed with the asphal-
tic cement, at the above temperature, in an apparatus which will
effect a perfect mixture.
The pavement mixture, prepared in this manner, is laid on the
foundation in two coats. The first coat, called the cushion coat,
should contain from two to four percent, more asphaltic cement than
given above; and it should be laid to such depth as will give a thick-
ness of half an inch after being consolidated by the roller. The
second coat, called the surface coat and prepared as above s})ecified,
is laid on the cushion coat; it should be brought on the ground at a
temperature of 121° C. It must then be carefully spread, by means
of hot iron rakes, in such manner as to give a uniform and regular
grade, and to such depth that after having received its ultimate
compression it shall have a thickness of two inches. The surface
must be compressed by hand rollers, after which a small amount of
hydraulic cement should be swept over it, and it must be thoroughly
compressed by a steam roller weighing not less than 250 pounds to
the inch-run, the rolling being contined for not les'^ than five hours
for every 1,000 yards of surface.
The powdered limestone must be of such a degree of fineness
that from 5 to 15 per cent., by weight, of the entire mixture for the
pavement shall be an impalpable powder, and the whole of it shall
pass a No. 20 screen. The sand must be of such size that none of
of it will pass a No. 80 screen, and the whole of it shall pass a No.
10 screen. In order to make the gutters, which are consolidated but
little by traffic, entirely impervious to water a width of 12 inches
next to curb should be coated with hot pure asphaltum and smooth-
pd with hot smoothing irons, in order to saturate the pavement to a
considerable depth with an excess of asphaltum.
In London the French rock-asphalt pavement is largely used.
French rock-asphalt is a limestone impregnated with about ten per
cent, of bitumen, and is obtained chiefly from quarries in France.
It is a tough, chocolate-colored stone of nearly the same specific
gravity as well-burnt brick. Though not malleable when cold, it
becomes so if sufficiently warmed, while a higher heat (140° C.) re-
duces it to powder. Uock-asphalts used for pavements are laid
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either as a compressed powder or as mastic,— the former Qiethod be-
ing considered as most suitable for carriage-ways, and the latter for
sidewalks and similar uses. In London no asphalt has ever been
replaced with wood, but there have been cases where the wood has
been taken up and replaced with asphalt. The asphalt is confined
to the business jjart of the city, however, where it was introduced to
relieve the intolerable noise of stone pavements, and to get some-
thing cheaper than macadam, which under heavy traffic is the most
expensive of all pavements and always dusty or muddy. There are
about eleven miles of asphalt in the "City," and only two miles of it
in other parts of London.
The rock as)>halt ])avements have been largely introduced in
Berlin, a large amount having been laid in the last few years. Ex-
cept for its slipperiness, it is very popular and is kept up for ten cents
a square yard a year, the traffic being very light in comparison wath
London and Paris.
In all the great capitals of Europe it seems to be definitely es-
tablished that the roar of stone pavement will not be tolerated, and
that smooth and quiet pavements will be laid as fast as they have the
money to lay them. Once laid, they take great pains to keep them
in perfect order and perfectly clean. There are only two cities in
America that compare with the European cities in this respect
—
Washington and Buffalo. Washington has the most asphalt (about
60 miles), but Buffalo has the cleanest street, although the amount
of asphalt is only about 20 miles. Omaha also has very good
streets, having about 8 miles of asphalt. All of this is the
American asphalt, which was adopted and perfected in Washington
after a great deal of study. In Boston it has been laid on streets in
the heart of the business section, where the traffic is as heavy as
anywhere in London or New York. To the surprise of most people,
it has worn well and without repairs for four years. This American
variety has a large amount of sand in its composition, and is not
so slippery as the French variety.
A large extent of American asphalt pavement has been laid in
the city of Washington, and, referring to it as meeting all the ob-
jections heretofore existing against such pavement, it is stated as the
opinion of engineers that ''Washington is the best paved and cleanest
city in the world." To accept this at its true value, the circum-
stances of the case must be taken into consideration. This, we
think, is very much lost sight of in flaiming for the American as-
phalt that its superiority over the foreign is such as to justify the
opinion that this will be '''the pm'ement.''' For the wide avenues and
streets of Washington, with comparatively light traffic, and the con-
venience offered for making repairs without interference with the
traffic, the American variety will probably prove a great luxury, al-
ways supposing, as in Washington, that the surface is swept clean
daily and before the travel commences in the morning, and at
which time slight repairs are made. It is essential to the preservation
and maintenance of this pavement that the mud or dust be not
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ullowpd to collect and aiil in cutting the pavements into nits, and
also that the pavement be not allowed to ^et out of re])air. If these
two requirements are faithfully carried out, the greatest efficiency
mav be anticipated; but if ne>;lected. as it is likely to be under the
ordinarv police of our American cities, nothing can be looked for
but an intolerable nuisance.
Cost.—In eomparinjij the cost and durability of wood with other
pavements, it is the ojiinion of some that the trouble with wood
jiavement in this country has been: 1st. The lack of a i)r()per
foundation. 2nd. The people «jfenerally, have expected a wood i)ave-
ment, which costs as usually laid (with a board foundation) about
^1.85 per yard, to last as lonj? as a <2:ranite ])avement (with a
concrete foundation) that costs ^4. 5l) or more ])er yard. Take Broad-
way, New York, for instance, which is 44 feet wide, with a concrete
foundation ready to receive either granite, or wooden blocks, and
suppose jxranite blocks are laid at a cost of say ^8.()0 a yard, which
would be ecjuivalent to $8.80 per front foot for the abutting |)roperty.
On the other hand, a preserved wood-block pavement is laid with
blocks say 3^ inches square by 5 deep, leaving a space of ^ to j^ of
an inch between rows to be tilled with suitable material, at a cost of
|ll.()'i per yard, or $3.96 per front foot. Now what would be the re-
sult? The granite pavement would last ten to fifteen years with
slight repairs, and the wood ]mvement five to six; but for compari-
son we will suppose the granite to last fifteen and the wood five years.
The granite costing §>8.80 per front foot, the wood $8.90 for five
years, or $11.88 for fifteen years (allowing two renewals), and de-
ducting 79 cents difference in interest at six per cent, would make
wood cost for this period of time, $11.09 per front foot, or a differ-
ence of $2.29 per front foot, equal to fifteen cents per front foot per
year more than granite, which is virtually nothing. Wood would be
more likely to last over five years, than the granite to last fifteen;
but if I am incorrect, who is there living or doing business on a
street like Broadway, where property is worth thousands per front
foot, that would not willingly pay the slight difference to get rid of
the incessant noise and confusion incident to a stone pavement. I
think the .thoroughfares should be paved with wood, and the by
streets with granite, or other stone, as it would last indefinitely.
Wood on end, if it could be kept dry, would outw^ear granite, as
shown by tests made at the water-works in St. Louis; consequently
the dryer the wearing surface is kept, the less wear.
The cedar pavement referred to above is the cheapest pavement
laid in the city of Chicago. The life of cedar pavement is three to
seven years, and the cost fifty to sixty cents a yard. Macadam ranks
next above cedar in cost as a street pavement. Ranking next above
macadam in cost comes asphalt pavement in sheet form. Sheet as-
phalt pavement costs about $8.00 per square yard complete. Asphalt
block pavement has been in use to a limited extent in Chicago for
over ten years. Granite-block pavement is the most durable, and
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also the most expensive, costing from $3.50 to $4.50 per square yard
laid.
In New York city in years past, the practice has been to spend
a large amount on the original paving and then to let it take care of
itself for a term of years, with pnl^lic and private corporations dig-
ging meanwhile into its foundation at their own sweet will. The
point which will ever prevent any pavement remaining in decent
condition for any great length of time, is tearing up and loosely
replacing in a slipshod manner the surface in order to lay pipes for
gas, water, or other purposes. When the surface becomes too much
furrowed by the sinking of trenches for water, gas, and divers other
conduits, a new pavement is in order. A remedy has been suggested,
and that is to prohibit any disturbance of the street by private cor-
porations, and to have all necessary excavations and repairing done
by the department of public works at the expense of these corpora-
tions.
Until a future generation sees the wisdom of providing subways
to contain all that belongs under ground in our main highways {i. e.
underground passages in which workmen can relay, inspect, make
connections, etc., without disturbing the surface above and the traffic
upon it), we suppose trenches must be 0[»ened, old work undone, and
new work done. Further than this it will be a long time before
even the rich city of New York could afford subways on its secon-
dary streets, but in the meanwhile all the work done upon them
should be only under competent and responsible control. This is
not the case now and never has been. The private corporations have
but one end in view, as far as the city pavement is concerned, and
that is to rip it up as speedily as possible, lav their pipes and fill the
hole. What happens to the street a week after they leave it is no
concern of theirs; the public can growl at the long ditches and pud-
dles, and splash through and bump over them until the city feels
called upon to lay a new pavement, which is sooner or later to be
treated in a similarly ruthless manner.
liKlCK rAVKMHNTS.
C. H. SNYDER, ''JO.
One of the most important questions to be considered by grow-
m^ cities is: How shall we pave oiir streets? Numerous ways of
pavintj have been proposed and many iiave been abandoned after a
trial. The most common methods now in use are those which em-
ploy stone, bricks, and wood blocks. It is the purpose of this article
to discuss the cost, durability, manner of layin<^, etc., of brick pave-
ments as compared with other forms now in common use.
Hricks first began to be employed for pavements in this immed-
iate vicinity about eleven years ago. Bloomington was the pioneer.
.After several years trial there, otlier surrounding towns followed suit
to a more or less extent, notably (.'ham})aign, Springfield, Decatur,
and Jacksonville.
Manner of Laying.—The section of the street after the pave-
ing is finislied is usually a segment of a circle, with a middle ordi-
nate of about hve or six inches. This section of course causes a ten-
dency to use the center of the street the most, and thus wear out
that portion first. It has frequently been suggested as a remedy that
the section lie made an isosceles triangle, instead of a segment. The
travel would then be more evenly distributed.
Bloomington lays her pavements as follows: The natural sur-
face of the ground is rolled with a heavy roller—the larger the better
— till it is brought near the desired shape: then a layer of several
inches of gravel or cinders is spread on and rolled till it is very com-
pact and hard. On this is then placed a layer of sand two inches
thick, and the surface is brought to the same section as the finished
pavement. A layer of brick is now laid flatwise, the greatest length
being in the direction of the street, breaking joints. One inch of
sand comes next, then a layer of brick edgewise, the long side per-
pendicular to the direction of the street, breaking joints as before.
The whole is then covered with sand and thoroughly rolled so that
all interstices will be filled and the whole pavement be firm and com-
pact. The heaviest traffic of the city passes over this pavement and
it stands this service well.
The method employed in Springfield is somewhat similar. The
specifications are as follows: "The street shall be made to conform
to the grade given by the city engineer and be thoroughly sprinkled
and rammed or rolled to give a solid bed. .\fler the grading has
been comjdeted, the earth shall be compactly rolled with an iron
roller weighing not less than three tons. A bed five inches in depth
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of iron sla^ or large coarse "gravel or small stones, shall be smoothly
and evenly spread over the surface of the street and solidly com-
pacted by repeated rolling with a three ton roller. Upon the bed
thus formed, common unscreened gravel (or good clean coal cinders)
shall be spread to a depth of one inch or more, the whole being
thoroughly rolled and compacted. The foundation thus formed shall
be fully six inches in depth after being rolled. Lay a bed of clean
sand one inch in thickness on the foundation made as above specified
and smooth it evenly to the grade of the street." This for a founda-
tion, then comes the two courses of brick with a layer of sand be-
tween as in the Bloomiugton pavement, as described above. Special
attention is called to the fact that the bricks must be of the best
quality, hard and tough. On the surface of the last layer of brick
is then spread one inch of sand and the pavement rolled many times
with a three ton roller till all is solid and compact and will not yield
under pressure.
The width is thirty feet between curbs, except where there is a
street railway; then thirty-eight.
In laying some new pavement there last f'all in the business por-
tion of the city to replace wooden blocks, the above specifications
were varied somewhat. The surface was covered Avith a layer of fine
sand and the bricks laid directly on this, the top course being grouted
with cement. Mr. Clark, city engineer, says the soil there is of such
a character that if well rolled the foundation required by the speci-
fications could well be dispensed with. He thinks that '" by placing
tile under the gutters and grouting the top coui'se with good cement
or asphalt, a street can be paved that will withstand any traffic that
may be put upon it." For the residence streets the bottom course
could be dispensed with.
Cost.—For brick pavements the average cost is from $1.00 to
$2.00 per square yard, varying considerably with the nearness of the
material, kind of foundation, etc. Of course this is the first cost.
Repairs would cost little as the foundation would not have to be dis-
turbed. The average cost of the cedar block pavement is about
Si.25 per square yard; but with this pavement, it is not so much the
cost of repairs that has to be taken into account as that of complete
renewal. Macadam pavement in Chicago cost about $1.00 per square
yard; but requires frequent repairs.
Durability.—The life of the cedar-block pavement under mod-
erate traffic, is about eight to ten years. At the end of that time it
must be entirely replaced. As a paving for streets where there is
heavy travel, it is expensive on account of its short life. It has been
known to wear out in less than two years. In point of durability
brick pavement is certainly much superior to wood, besides being as
clean and noiseless. In Bloomington there is one square that has
been in use for about sixteen years and is still in good condition,
having had very few repairs. Champaign has had some brick pave-
ment in use about five years and it gives good satisfaction. Spring-
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field has ])een using l)ricks only within the [tast twn yt-ais. but so fur
the test hiis been very satisfactory.
A(iUEEABLENESs.—This is quite an important consideration in
residence streets and ou^cht to be on business stre«'ts. VV^ith rej^anl
to noise and dust there is not a j>;reat deal of dilTerence bet\v«'en l)rick
and wood. Neither wear off so as to set free a (|uantity of irrilatin^j;
dust to be stirred up by each breath of air. Hrick may be a little
more noisy than wood, since it is not so yieldin*^. One of the stron<^-
est objections to a stone pavement of any kind is the noise made by
passinj^ vehicles, more especially when a i^ood deal of heavy trucking
is done. Though the gianite block pavement can claim a great deal
in jtoint of durability, yet it is the noisiest pavement in use and is as
hard on horses its on the surrounding inhabitants, though not in the
same way. A disproportionately large amount of slipping will occur
where granite is used. Asphaltum ])avenient possesses the good
(jualities of being noisless and dustless as well as giving a firm foot-
hold, and being very elastic; but its high cost and short life leave it
entirely out of the question for most cities. Macadam pavement
need scarcely to be taken into account under this head as the dust is
simply intolerable unless it is kept constantly wet down.
Traction.—The important question to the man who uses the
pavement most is: On what can I draw the largest load and with
least injury to hoises and vehicles? I don't know as it can be said
that brick gives the best foot-hold, and therefore least danger of
slipping and falling; but it will compare favorably with any pave-
ment in common use. Stone in general, and granite in particular,
makes a very slippery pavement even in dry weather, and it is much
worse after a heavy rain. Then too the eii'ect of a fall on a granite
pavement is said to be worse than on brick, since it is less uniform
in surface and less yielding.
U ABUTMENT.
The accompanying cut shows a U abutment, as constructed on
the Atchison, Topeka and Santa Fe Railroad, in conformity with its
standard plan for such structures. As this style of abutment is not
illustrated in any of the common engineering text-books, its inser-
tion here may prove of value to members.
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AN AI'I'KOXIMATK METHOD OF LAYING OUT
TUKNOLTS.
[The following, jin extract from sin editorial in the liailroad
(iazette (May 14, 1880, ]). 'i'MV), presents "the whole art and mystery
of laying out turnout curves" in so brief and yet comprehensive a
form, that it is republished here for the benefit of the student, or
the practical engineer who is puzzled by the unnecessarily compli-
cated discussions and extended formuUe of many text-books. Notice
that the method is an a})proxiniation: and therefore, before using
these formula?, the degree of accuracy should be determined.]
Frogs are made of certain even numbers, and its number is the
primary unit to which all else is adjusted.
The number of a frog is its ^ —
-, and is also sometimes
Width at back
CiiWed ita proportion. A ''No. 10" frog is one with sides sloping
toward each other 1 in 10.
m .' 7 • 57° or 3438'Tlie /ro(/-(ingle is ^^ ^— ,
No. of frog.
T/ie usual main line frogs are No. 8 and No. 10; sometimes Nos. 9
and 11. Few frogs sharper than No. 6 are used in any location, but
as sharp as No. 4 sometimes occur on quick turnouts from curves.
The theoretical lead — twice No. of frog X gauge = 9.42 X iS\
for standard gauge,— A' being the numl)er of the frog. This assumes
the curve to be a simple circular arc, which is not essential for a
good curve, nor does it give the best, and considers the curve to ex-
tend back to the heel of the switch rail of a stub switch.
The lead is aluags the same, whether the turnout be from a tan-
gent or a curie.
A difference of not exceeding 10 per cent, in length of the lead,
especiallg if the lead be made longer than (djove, has no appreciable
injurious effect on the character of the turnout curve or on its radius.
This is best seen by calling the turnout curve a parabola, and re-
membering that whether the tangents of a parabola be equal, or one
20 per cent, longer than the other, will not affect the excellence of
the curve, nor, materially, the sharpest radius. Whether the curve
be called a circle or parabola will not alter its position on the ground
by more than a hair's-breadth.
7'o lag out the turnout curve, the frog being in place, and length
of lead given, not differing more than 10 per cent, from the theoret-
ical lead: Practically, the best transit for running in the curve, and
the only one much used for fixing points on it, is an experienced eye.
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Nevertheless, on all kinds of turnout carves, Hhftlifrfronifdiufeiifor
curved main Inick:
Oj/'sef from f/auge side of main rail to f/aii(/e side of lead rail ;it
middle point of lead = I gauge, or 14 in.
Offset at i point of lead = ,'« gauge, or ^ in.
Offset at I point of lead = ,'1 gauge, or Hl'j in.
,S7;^/> Sirifr/tes.—Main frog to crotch frog - 0.8 of theore-
tical lead; length of switch rail = 0.3 of lead and as much longer as
convenient; main frog to head-block - 0.7 of lead. Position of
crotch-frog not essentially affected by 10 per cent, increase of lead,
but somewhat farther from main frog (some 3 percent.). The back
end of switch-rail should be spiked fast for a portion of its length
and it will spring into a circular arc.
Calling the switch rail straight, and starting the lead from it as
from a tangent, compounds the curve at the head block and makes
the switch-rail a tangent to a new arc. Its practical effect is to
lengthen the lead by 6 to 10 per cent., which gives a better curve,
not because the assumption on which it rests .(that the switch-rail
remains straight) is true to fact, for it is not, but because it eases the
radius of the first half of the curve.
Shortening the lead 10 per cent, requires an equal distance near
the frog to be tangent to it, and shortens the turnout radius and
proper length of switch-rail 20 per cent.
Split Switches.—The gauge side of the split rail is straight;
therefore it can only be considered, when in place, as a tangent to
the true turnout curve. The point at which the theoretical turnout
curve attains an offset of the width of a rail head (say 2| in.) from
the main line is 0.8 of the theoretical lead from the frog. Hence, to
obtain the same turnout curve with a split switch as with a stub
switch, the lead should be (0.8 X 9.42 X .V) or 7.54 X X + the length
of the planed portion of the head of the point rail. Split-switch leads,
in other words, other things being equal, should be a little shorter
than stub switch leads. But as all turnout curves are improved by
being a little longer than a simple circular arc requires, a lead fixed
by the rule 9.4 X X is good practice for split switches.
Radius.—By the principal of proportional triangles it will be
seen that the radius = Lead X No. of frog = (No. of frog)^ X twice
gauge. This Jiolds onhj on turnouts from tangents.
r. I- ± J. "frog angle
Degree of turnout curve - ——
—
f? „
,
,.,. „
.
•^ lead m stations or 100 rt.
_57° ^ 2 N g ^ (306
~ N ' 100 " N''
or, in round numbers, = 600 -^ square of the number of the frog. If
the turnout be from a curved main track, add to the degree thus ob-
tained the degree of the main curve, if the turnout is to the inside
of the curve; and subtract it, if to the outside.
STRENGTH OF MOKTAIi IX MASONRY.
HORACE DUNAWAY, "89.
Very few experiments on the transverse, tensile find adhesive
stren«^th of mortar have ever heen made; consequently the data
found in enj^ineerin^ literature on this subject is exceedingly limited,
and those en«;a«!;ed in masonry construction know comparatively
little, as to what kind of mortar to use with a given brick or stone,
except to follow the example of predecessors, which in this case is
extremely unsatisfactory, since it is only recently that attention has
been called to the fact that the adhesive, tensile and transverse
strength may be as important, or even more so, than the comi)ressive.
The usual method of mixing mortar in the proportion, by
volume, of two and one-half sand to one of lime or cement is, no
doubt, as nearly correct as ordinary practice demands; for with most
sand the voids will average from thirty-tive to forty per cent, of the
bulk. Thus all the space not tilled by sand grains is taken up by
the cementing material; while if any more were used, being weaker
than the sand, it would only tend to weaken at increased expense.
The great problem in masonry construction, as in all engineer-
ing work, is to secure adequate strength at minimum cost. In some
eases cement mortar will have more strength than is necessary, while
that made of piire lime will be too weak, and so a set of experiments
with mortar composed of sand with different proportions of lime
and cement would be of great value in engineering work. The
writer undertook a series of such experiments the past winter; but
as the tests were necessarily few, very little could be obtained from
the results, aside from the fact that the strength of the mortar in-
creased directly with age and the amount of cement, and inversely
with the amount of lime. The results were so irregular the rate of
increase could not be determined, and they will be preserved until a
time when others can be added to complete the work.
The scheme was to mould a series of briquettes, commencing
with two and one-half sand to one of cement, and with each mould-
ing to decrease the amount of cement ten per cent, and add the same
amount of lime. Thus, in a series of eleven experiments, the mortar
of the last would consist of two and one-half parts of sand to one
of lime; and with a number of briquettes (say one-half dozen) of
each composition, a strength would be developed, gradually increasing
from those composed of pure lime to those of neat cement. This
would give the contractor power to select the cheapest mortar for a
required strength, and the employer equal opportunity to demand
mortar of that strength.
56 CIVIL ENGIXEERS' CLUB OF THE UNIVERSITY OF ILLINOIS.
There is no doulit that a threat mistake is made in the use o£ so
mueli lime mortar, especially in outside walls; for it is known that
lime will not stand the weathering and is otherwise much inferior to
cement for nearly all work. It seems rather inconsistent to use
.Toliet (the best Niagara) limestone for foundations of large build-
ings in order to have a very substantial basis, and then make the
joints of lime mortar which will not stand a pressure of more than
150 pounds nor a tension of more than 90 pounds per square inch;
yet such cases may be seen in any city where building is being carried
on. At present there are two public buildings being erected in
Champaign, under one of which the foundation is of Joliet stone
and the other of hard brick, while only lime mortar is being used in
both. No doubt either wall will support all the load to be brought
upon it, but if cement instead of lime had been used in the latter, it
would have made a stronger and more durable wall than the former
and at the same time would have cost less.
One cubic yard of brick masonry composed of selected brick and
1:3 cement mortar will cost about $8.00. On? cubic yard of Joliet
hammer-dressed rubble masonry with the same mortar will cost about
S9.00 y^///s the cost of shipping the stone, making $11.00 or $12.00
at this place.
According to all tests that have been made, the strength of
masonry depends more upon the character of the mortar than upon
any thing else. Tests have proven that an increase of fifty ])er cent,
in the strength of ordinary brick makes no appreciable difference in
the strength of the masonry, but that the substitution of cement
for lime mortar increases the strength of the masonry about seventy
per cent. This might have been foreseen, since one would not look
for great strength in a heavy log chain with a few light links, neither
ought he to expect it in stone masonry with weak joints.
Therefore, I think it safe to consider that brick with cement
mortar will bear from sixty to seventy per cent, more load than lime-
stone with lime mortar, and that the former will cost from $2.00 to
$4.00 less p^r cubic yard. Good brick masonry will sustain a load of
more than one ton per square inch, while the heaviest pressure yet
recorded in anv structure is less than five hundred pounds per square
inch, and I think that when this subject has been more fully studied,
it will be seen that we ought to use more brick, less stone, and better
mortar, which would give a very considerable decrease in cost and a
corresponding increase in durability and strength.
EXPEIUMEXTS ON BHICK.
[The foUoNviiiij iict'i)unt of experiments uiiiile during the past
year in the Testing Laboratory of tlie University, by I'rofessor Baker,
hfis been published elsewhere, but is rei>ublisheti lien* at the recpiest
of students. The tal)les are valuable, sinee tiie different kinds and
grades of briik were tested in the several ways, and hence afford oj»-
portunities for comparisons. The accompanying explanations are
useful in interpreting the results of experiments made in different
ways. Competent critics pronounce these "the most valuable series
of experiments ever made on brick or stojie.'J
§ AhsoRiuxG Power. The less the amount of water absorbed
by a brick the greater, in all probability, will be its durability. The
amount of water absorbed is, then, an important consideration in de-
teruiiniug the quality of a brick. There are different methods in
use for determining the amount of water taken up by a brick, and
these lead to slightly different results. Some experimenters dry the
bricks in a hot-air chamber, while some dry them simply by exposing
them in a dry room: some experimenters immerse the l)ricks in water
in the open air, while others imuiei"se them under the receiver of an
air-pump; some immerse whole brick, and some use small pieces;
and, again, some dry the surface with bibulous paper, while others
allow the surface to dry by evaporation. Air-drying rnost nearly
represents the condition of actual exposure in masonry structures,
since water not expelled in that way is in such a condition as not to
do any harm by freezing. Immersion in the open air more nearly
rej)resents actual ju'actice than immersion in a vacuum. The condi-
tions of actual practice are best represented by testing whole brick,
since some kinds have a more or less impervious skin.* Drying the
surface by evaporation is more accurate than drying it with paper;
however, neither process is susceptible of mathematical accuracy.
The absorbing power given in Table I. was determined by dry-
ing whole brick in a steam-heated room for three weeks. (2) weigli-
ing, and (8) immersing them in water for forty-four hours; and then
(4) drying for four hcmrs—or until all the water on the surface was
evaporated, and. finally, (5) again weighing them. The results in
the table represent the mean of several observations. If the brick
bad l»een kiln-dried, or weighed before the surface water was entirely
removed, the apparent abs(jrption w(>uld have been greater.
The absorbing power of brick as given in the table is about
* For example, the absorption of No. 15 of Table I. determined by immers-
ing half brick, was 2 per cent.; but by immersing small pieces, it was nearly H
per cent.
8
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equal to that of averaofe limestone and satulstone, antl much greater
than nia'hleand granite.
i^ Tran'svkksk STKKKGTn. TIu' oxperinien ts nece.ssary to fleter-
niine the transverse strength of Ijriik an* easily made, give definite
results, and furnish valuahle information concerning the practical
value (»f the hriek; and hence this test is one of the l)est in use.
Tahle I. gives the results of experiments made hy the writer on
Illinois hriek. The averages represent the res-ults from six to fifteen
Tahle 11.
Transverse Strength of Illinois Brick.
(Summarized from Table I., page 59.)
Ref.
60 CIVIL EXGINEERS' CLUB OP THE UNIVERSITY OF ILLINOIS.
improvement in the manufacture of l^rick and to the method of
selection than to locality. The brick from which the result.s in
Table II. were derived were obtained from manufacturers well known
for the high quality of their products.
§ Crushing Strength. In testin*? stone the uniform practice
is to test cubes, whose faces are carefully dressed to parallel planes.
In testint^ brick there is no settled custom. (1) Some experimenters
test half brick while others test whole ones; (2) some grind the
pressed surfaces accurately to |)lanes, and some level up the surfaces
by putting on a thin coat of plaster of Paris, while others leave
them in the rough; and (8) some test the brick set on end. some on
the side, and others laid flatwise.
1. From a series of exj)eriments* on soft brick, the writer con-
cludes that the crushing strength per square inch of a quarter of a
brick is about ludj that of a whole one; and that a half brick is
about lico thirds, and fJn-ee quarters of a brick Jive siatlis. as strong
per square inch as a whole one; or, in other words, the strength of a
quarter, a half, and three quarters of a brick', and a whole one. are
to each other as 3, 4. 5, and (5 respectively. The reason for this dif-
ference is appa''ent if a whole brick be conceived as being made up
of a number of cubes placed side by side, in which case it is clear
that the interior cubes will be stronger than the exterior ones because
of the side support derived from the latter. For experiments by
the writer showing the marked effect of this lateral support,
see E)iffinepring Xeirs, January 5, 1S8U, page 15. The quarter brick
and the half brick have less of this lateral support than the whole
one, and hence have correspondingly less crushing strength.
2. The strength of the specimen will vary greatly with the de-
gree of smoothness of its bed-surfaces. To determine the difference
between reducing the pressed surfaces to a plane and leaving them
in the rough, the writer selected six brick of regular form and ap-
parently of the same strength, and tested three in the rough and the
other three after having reduced the pressed surface to planes by lay-
ing on a coating of plaster of Paris, which, after drying, was ground
off to a plane. The amount of plaster remaining on the surfaces
was just sufficient to fill up the depressions. Both sets were tested
in a hydraulic ])ress between cast iron, parallel (self-adjusting.) press-
ing surfaces. The average strength of those that were plastered was
2.06 times the strength of those that were not plastered. This dif-
ference will vary with the relative strength of the brick and the
plaster. The average strength of the bricks whose surfaces were
plastered was 9,170 pounds per square inch, which is more than that
of the plaster used; and therefore it is highly probable that if the
surfaces had been reduced to planes by grinding, the difference in
strength would have been still greater.
3. As before stated, some experimenters test brick flatwise,
* Engineering News, vol. xxi., p. 88.
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S(>ni*» e(lj;e\vise. and some tMulwise. Since l)rifks are y^eiierally etii-
ploved in tsufh a position that the pressure is on the hroadest face, it
seems a little more satisfactory to lay the brick flatwise while testing
it; but since the only object in determiniii}^ the crtishinj^ strength
of brick is to ascertain the relative strength of ditTt'rent bricks, —
the crushing strength of the brick is only remotely connected with
the crushing strength of the brick-nia.sonry,— the position of the
l)rick while being tested is not a matter of vital importance. Doubt-
less the principal reason for testing them on end or edgewise is to
Ijring theui within the capacity (tf the testing-macliine. However,
there is one good reason against testing brick flatwise, viz.: all homo-
geneous granular Ijodies fail under c(tmpression by shearing along
planes at about 4") with the j>ressed surfaces, and hence if the
neight is not sufficient to allow the shearing stresses to act freely an
abnormal strength is developed.
The relative strength of brick tested in the tliree positions
—
flatwise, edgewise, and endwise—varies somewhat with the details of
the experiments: but it is reasonably well settled that the strength
of homogeneous brick flatwise between steel or cast iron pressing
surfaces is one and a half to two times as much as when the brick is
tested on end. A few experiments by the writer* seem to indicate
that the strength edgewise is a little more than a mean between the
strength flatwise and endwise. If the brick is laminated, the relative
strength for the three positions—flatwise, edgewise, and endwise
will vary greatly with the direction of the grain.
§ Comparatively few experiments have been made to determine
the strength of brick, and they are far from satisfactory, since the
manner of making the experiment is seldom recorded. The differ-
ences in the details of the experiments, together with the differences
in the quality of the bricks themselves, are sufficient to cause a wide
variation in the results obtained by different observers. The follow-
ing data is given for reference and comparisons.
Rankine says that • strong red brick, when set on end, should
require at least 1,KK) lbs. per sq. in. to crush them; weak red ones.
550 to SOO lbs. per sq. in.: and fire bricks, 1,700 lbs. per sq. in."t
Expe>-iuients on the brick in general use in Berlin gave for
"ordinary '" brick, on edqe, a strength of 2,980 lbs. per sq. in., and
for "selected "" brick 8,670 lbs. per sq. in.
J
The l)rick used in the New York reservoir, when laid flat and
packed with sand, showed an average strength, for four specimens,
of 2,770 lbs. per sq. in., and two samples tested between wood
averaged 2,660 lbs. per sq. in.§ Prof. Pike I tested half brick flat-
•
"^
* Engineering Netvs, vol. ixi., p. 88.
t Civil Engineering, pp. 300 and 7C9.
J Van Nostrand'.s Euyineeriny Mag., vol. ixxiv., p. 240, from Abstracts of the
Inst, of C. E.
5^ Jou'. Frank Inst., vol. Ixv. p. 333; also Trans. Am. Soc. of C. E .. vol. ii.
pp. 185-86.
Jour. Assoc. Engineering Soc. vol iv. pp. 300-67.
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wise between sheets of p.istebo.ird with the following results: St.
Louis brick, 0,417 lbs. per sq. in. (the average of si.x trials); and
pressed brick, 2,519 lbs. per sq. in. (the average of thirteen samples
from ten localities).
§ The ex])erinients given in Table I. were made by the writer
on Illinois brick. The bricks were crushed between self-adjusting
cast iron pressing surfaces. Although No. 11 shows an average ab-
sorption, a moderate transverse strength, and a high crushing
strength, this particular brand of brick disintegrated rapidly by the
frost. This is characteristic uf this class of brick, and is caused by
the clay's being forced into the moulds or through the die in such a
way as to leave the brick in lamina? not well cemented together. A
critical examination of the brick with the unaided eye gave no indi-
cation of a laminated structure, and yet compressing the brick in
two positions—sidewise and edgewise—never failed to reveal such
structure. The crushing strength in the table was obtained when
the pressure was applied to the edges of the lamina?. In experi-
ments Nos. 12, 13. and 1-1 the pressed surfaces were so nearly mathe-
matical planes that possibly these bricks stood more than they would
have done if their beds had been plastered. The strength of Xo. 15
was beyond the capacity of the machine; a whole brick on end stood
11,083 lbs. per sq. in. without any cracks or snapping sounds—which
usually occur at about half of the ultimate strength.
GEORGE S. TALBOT.
Georj;e S. Talbot was born in Cortland, DeKalb county, April
25, 1S()5; graduated from the Sycamore High School, June, 1888,
spent two yeai-s in teaching; and entered the University, September.
1885. He spent the summer vacation of 1887 in engineering work
connected with the construction of a railroad bridge at Grand
F'orks, Dakota; and during the vacation of 1888 he was a member of
the engineering corps of the A. T. and S. F. R. R., with head-
(|uarters at Kansas City. While engaged in the latter position he
became sick, was taken home, and died of typhoid fever, alter a brief
illness. August 22, 1888.
Mr. Talbot was one of the few who may fairly be called bril-
liant. In his brief career as a teacher he showed unusual talent,
and at the University he was conspicious for high scholarship. He
was a clear and rapid thinker, painstaking and thorough in his
preparation, and logical in his reasoning. As a writer he gave
promise of more than ordinary ability. He was a valued member of
the Civil Engineers Club, and was elected its President in June last,
a position he did not live to fill. He was uniformly courteous and
unselfish, and had a rare faculty of making himself agreeable to all
with whom he came in contact. Morally, his character was beyond
reproach.
GEORGE W. RICHAKDei.
George W. Richards, '82, Superintendent oi the San Ped -o Coal
and Coke Co., was killed by robbers at Carthage, New Mexico, May
15, 1889.
He was born in ('alifornia, May 30, 1858. Bis boyhood was
spent at Barton, Illinois, nearQuincy. After completing the course
of study in Maplewood High School at Camp Point, he taught for
some time in the public schools of Adams county. He entered the
University in the spring of '78, and was graduated from the School
of Civil Engineering in the class of '82. During the summer of
1881, he was employed on the location of the Denver & Rio Grande
Railway, in the mountains of (Colorado. From Apr^l, 1883, he was
employed in the engineering department of the Atchison, Topeka ic
Santa Fe Railroad in Colorado and Kansas. From December 1883
until March 1889 he acted in the capacity of Mining Engineer in the
coal mines of the same railroad at Starkville, Col., Pittsburgh, Kan.,
Raton and Carthage, New Mexico. About April 1 he was pro-
moted to superintendent of the last named mine.
Mr. Richards was an earnest, thorough student and an energetic
and successful engineer. He had visited England several times and
had traveled extensively in the United States, alwa^^s making the
most of his powers of observation. The Department of Mines and
Mining of the A.. T. & S. F. R. R. recognized his business and ex-
ecutive ability. He might have saved his life by tlight, but
would not desert his comrade in the office, nor the money en-
trusted to him, and bravely fought until shot down. All who knew
him deeply deplore his untimely end.
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Geologists and Surveyors, and the range of instrnments, as made by them for
River. Harbor, City, Brdge, Tunnel, Railroad ard Mining Engineering, as well
as those made for Triangulation or Topographical Work and Land Surveying,
etc., is larger than that of any other firm in the country.
Illustrated Jfianuat and Catalogue sent on Application.
BROWN &SHARPE MFC, Co,
PROVIDENCE,
R. I.
Universal Grinding Machine
Universal Milling Machine.
We manufacture for general machine shop use and usually
keep in stock, fifty different machines, 280 to 7,900 ft)S. in weight,
also a large variety of tools, gauges and measuring instruments-
All are made with the best attainable appliances, and with the
intention that they shall be the best of their respective classes.
Catalogue, 130 pages, mailed on application.
Atliertiseinents. III.
STRONOKST AND SAFEST DYNAMITE EXPLOSIVE
KNOWN TO THE ARTS for all Jlining, Railroad
Work, Rock and Stump Blasting.
Fi'SK, Caps. Battkries and ELKCTRir Minino Goods.
Hercules Powder Co., 40 Prospect St., Cleveland, O.
J. "W. WIIiTiARD. Oen'I Manager.
Twelve years experience lias proved tliis dyiia-
luite powder to be by far the most successful of any
made in anv countrv.
A.H.ABBOTT frCO.
50 MADISON STREET, CHICAGO.
Architects, Engineers S''^ Surveyors
STJX=^I=^LIES
S£3 MT F'CJf IO£3S
IV. AdrfrfiscDirtif.
KNOWU^S STEAM PUMP WORKS,
BUILDERS OF
STEAM OR POWER SINGLE OR DUPLEX
PUIVIPING MACHINERY
.1,
PRESSURE PIMP.
FOJi EVERY SEIiVICE.
COMBINED PUMPS AND BOILERS-
f MINING
EVERY
STYLE
OF
FEED PUMP.
QUARRY
j OIL LINE
j
1 I
(^ REFINERY J
M.DIIMD^
AIR COMPRESSORS,
VACUUM PUMPS,
DRAINAGE PUMPS,
ARTESIAN WELL PUMPS,
AIR PUMPS AND CONDENSERS,
ELEVATOR PUMPS,
LOW SERVICE PUMPS.
FIRE PuAlP.
Pumps
F( )R
SUGAR HOUSES.
TANNERIES,
BREWERIES,
HEATING SYSTEMS
PAPER MILLS,
ETC., ETC.
SINGLE POWER PUMP.
Water Works Pumping Engines
FOR INFORMATION OR ESTIMATES, SEND TO
118 FEDERAL ST., 93 LIBERTY ST.,
BOSTON. NEW YORK.
A</rertii>cini'nf. V.
Gto. F. buake: MANPG CO.,
BUILDERS OF
SINGLE DUPLEX STEAM POWER
PUMPS PUMPING ENGINES
Koli
BOILKll FEEDING,
TANK SE If VICE,
ARTESIAN WELLS.
ELEVATOH SERVICE,
HYDRAULIC PRESSURE,
DRAINAGE,
' MINING,
QUARRIES, .
ACIDS. '^§)£*lk
FDK
WATER WORKS
AM)
SEWAGE SYSTE3IS.
POWKK PUMPING ENGINE.
WET AND DRY
VACUUM
PUMPS
FOK
enginf:s
Vacuum Pans, <^
Papek Mills,
Etc., Etc.
CUMPOUMD rUMl'lNG ENGINES.
TANNERY
BREWERY
^,,..^^
BLEACHERY PL) MPS
PLANTATION
VINEGAR
REFINERY
OIL LINE
SOAP.
POWER AIR COMPRESSOR.
Direct Acting ) ( Atomizing Oils in Furnaces and Forges.
AND Fly Wheel \ and \ Agitating and Displacing Fluids.
Air C0MPRE.SSORS Contractors Work of all Kinds.
Special Lines
OF
111 Federal St.,
Boston.
PUMPING MACHINERY ^..^
FOR
Service.
535 Arch St.,
Philadelphia.
95 and 97 Liberty St.,
New York.
VI. Advertisements.
D. Van Nostrand Co.
PtTBIilSHEBS OF
Scientific Books,
25 Murray St., and 27 Warren St., New York.
General catalogue of American and Foreign Scientific Books, 128 pages. 8 vo.,
including titles of all leading works in Architecture, Carpentery. Building,
Astronomy. Navigation, Ship-Building, Meteorology. Brewing. Distilling,
Wine Making, Chemistry, Physics. Philosophy, Coal, 0!l. Gas,
Drawing, Painting, Photography, Electricity, Electric Tele-
graphy, Engineering, Machinery, Mechanics, Geology.
Mining, Minerology, Metallurgy, Hydraulics, Hydro-
statics, Iron, Steel, Life Insurance, Mathematics,
Works of Reference, <fec , sent on receipt of 10c
by mail, post paid, to any address.
Culvert Pipe,
Railroad Standard,
Server Pipe,
Double Strength,
Manufactured by
Fire Brick,
Fire (lay.
Gas Retorts,
Furnace Linings,
PaTing Bricli,
Wall Coping,
rhimuey Pipe,
(hininoy Tops,
Fine iJning,
Drain Tile,
Well Tubing,
&c., &c.
EVANS & HOWARD,
916 Market St , St, Louis, Mo.
I;^^ Write for our pamphlet, "Culvert Pipe, its Uses and Advantages."
Advertisement. VII.
Especially adapted for the mahini of Ditches in low
wet lands and the making of water ways.
Our machiues combine many improvements not to be had in any
other make. Our
KII^G'S C OtrVTY DITCHER,
Operates in ditches with little or no water, where it is impractical to
use a dredge. In the use of our patent bank spud as shown in the
cut, we are enabled to operate a goodly sized machine, on a very
narrow boat, and to handle ditch work not before considered ma-
chine'work. We shall be pleased to figure with any parties having
ditch work in hand.
OUR GUARANTEE.—We will handle more yards day in and day out at a
less operating cost than any machine built of their respective sizes and cost.
Furthermore, we place our machines subject to trial, and will put them up for
responsible parties on any work with the understanding if they do not fulfill our
representations that they be at no expense at all for such machine. For full
description of Steam Shovels, Railroad Ditchers, Wrecking Cars, Ballast Un-
loaders, Ditchers and dredges, send for our 1889 catalogue. Address,
THE MARION STEAM SHOVEL CO-
Cor. Park Bou'evard and W. Center Sts., MARION, OHIO.
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Blackmerl& Post,
Mnke n specialty of
f PIPE.
-FOR-
Railroad Culverts,
AND
Wittf Wmkn C@aiilt
'I I
Send for pamphlet
''Something About Culvert Pipes;"
Also, Mr. Stephen E. IJjibcock's treaties on the use of vitrified pipe
ill water works constrnction.
Cori'c'iKipondeiice l^olicited*
ULACKMER & POST.
St, Louis, Mo.
THE dVjE PUMPS
P
iteaiu and Power,
8iiigrle and Duplex^
:poi^ ^IjXj s:k!k.'vioes.
S/ JlffPjISl II
i<
HOLVOKt:, itlAS8.
Offices AND Warerooms;
New York, Boston, Chicago, Philadelphia, St. Louis, Denver, Kan-
sas City, and Birmingham, Ala.
w^:e^it£] :fok, oa-T^locs-xje.
